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SURGICAL PATHOLOGY 


CHAP1T.R I 
INFLAMMATION 

' Injury or infection insuflicient at once to impair the vitality of 
tissues stimulates the reactive process known as inflammation. Since 
the effects of injuries and infections constitute a large part of a surgeon’s 
work, the study of inflammation may justly be regarded as of funda¬ 
mental importance to the surgeon pathologist. 

Inflammation may be caused by a number of physical and 
chemical agencies, including physical trauma, irritation by foreign 
bodies, heat, cold, light, electricity, X-rays and radium. Inflammation 
may also be caused lay pathogenic bacteria, and this is by far the most 
important type. Inflammation may be acute or chronic, according to 
the intensity and duration of action of the causative agent, and various 
degrees of both acute and chronic inflammation occur, according to 
the specific type of bacterium or trauma responsible. 

The inflammatory reaction occurs as a response to the irritant 
effects of toxins secreted by the bacteria; or, in the case of aseptic 
inflammation, of the products of ti.ssue breakdown at the site of injury. 
Generally, the clianges in acute inflammation are concerned mainly 
with neutralizing, destroying and eliminating the causative agents, and 
they involve varying degrees of damage to the affected part. In chronic 
inflammation, on the other hand, whilst destructive changes are still 
apparent they are of a lesser degree, and are often merged in or obscured 
by clianges of a reparative nature—the jirocess of repair. 

Acute inflammation, in its broadest sense, includes ttiree distinct 
processes—the local vascular phenomena at the site of the lesion, the 
local reaction of the fixed tissue cells, and the constitutional effect 
characterized by leucocytosis and antibody formation. 

The local vascular phenomena are responsible for those features of 
acute inflammation seen on clinical examination. The blood vessels 
become dilated and render the part red and hot; blood plasma exudes 
from the dilated vessels and causes swelling; the sensory nerves, 
irritated by toxic substances and perhaps compressed by oedema, give 
rise to pain ; and finally muscles, joints and glands within the inflamed 
area suffer in varying degree impairment of function. Thus originate 
the five cardinal signs of inflammation—rubor, calor, tumor, dolor and 
functio Isesa. 

The'first exact description of the vascular changes in acute inflam¬ 
mation we owe to Cohnheim, and it is no exaggeration to claim that his 
observations, as recorded in his Leches on General Pathology in 
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1877, form the basis for our present knowledge of inflammation. 
Cohnheim’s studies were mainly carried out upon the frog, and the most 
instructive are those in which he examined the microscopic changes in 
the vessels of the mesentery, in which inflammatory cl^anges were 
induced by the application of weak acids. 

The earliest chi^ge observed at a site of inflammation affects the 
smaller blood vessels, especially the smaller veins and capillaries. After ^ 
an inconstant and transient constriction these vessels ^come dilated, 
sometimes to twice their ordinary size. Not only do the vessels dilate, 
but also innumerable capillaries which in the normal tissues have been 
empty, collapsed and unrecognizable, now become visibly distended 
with blood. The immediate result is a greatly accelerated blood flow 
tlirough the affected part, but after a short time—rarely more than 
half an hour—a further change becomes apparent. Although the 
total blood flow through the part remains greatly increased—^witness 
the local heat felt on examination—the flow through the individual 
vessels becomes reduced. Indeed, in severe cases the stasis is so marked 
that the individual blood cells can be recognized not only in the 
capillaries, but also in the veins and even, during diastole, in the 
smaller arterioles. 

It seems probable that this slowing of the blood stream is attributable 
to two factors. The first is that the endothelial cells lining the vessels, 
normally of flattened character, at this stage are affected by the 
bacterial or other toxins and become swollen, so that they project into 
the lumen of the vessel and partly obstruct it. The second factor is that 
as a result of the escape of its fluid content into the tissues the blood now 
becomes more viscous and flows less freely. 

Now appears one of the most striking phenomena in the whole 
process. In Cohnheini’s words, “ the eye of the observer hardly has 
time to catch all the details of the picture before it is fettered by a 
very unexpected occurrence.” Usually tl|^ takes place in a vein, less 
often in a capillary, and it consists in the emigration of the leucocytes 
through the vessel wall into the tissue spaces. 

Normally in the veins the blood cells tend to occupy the central or 
axial part of the stream, whilst the peripheral or plasmatic zone consists 
mainly of plasma with an occasional leucocyte. In inflammation, as the 
blood flow becomes sluggish, this disposition is lost, and the original 
plasmatic zone fills with innumerable leucoc 3 d«s, which move slowly and 
unevenly, as though driven along by the blcod flow and yet held by an 
adhesive quality on the part of the endothelium. Eventually the internal 
surface of the vein appears as though paved with an unbroken layd: of 
leucocytes. Now begins the leucocytic emigration proper: it almost 
looks as though the leucocytes squeeze themselves through the vessel 
wall between intact endothelial cells, and gradually resume their original 
shape on reaching the perivascular tissue spaces. The minute gaps left 
after their passage appear'to be repaired immediately the cells have 
escaped. 

The migration of the leucocytes does not cease when they have left 
the vessels. Partly carried by the flow of plasma, partly attracted by 
chemotaxis. they are drawn towards the seat of There 
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they*secrete enzymes with bacteriolytic properties, they engulf organisms 
or minute foreign bodies, or they may themselves be destroyed by the 
bacterial or other toxins. 

In the wake of the leucocytes, red blood cells also may escape from 
the vessels* by the process of diapedesis. This is not a striking feature 
in the majority of inflammations, but occasionally it is conspicuous. 

Keeping pace with the cellular migration, there occurs a transudation 
of plasma into the tissue spaces or on to the serous surfaces. This 
transudation is due partly to the toxic damage to the capillary and 
venous walls, which impairs the permeability of the endothelial mem¬ 
brane. It is also attributed to the fact that the tissue colloids, which 
are of low osmotic pressure, and arc broken down by the bacterial or 
other toxins into crystalloid substances, which, being of relatively 
simple composition, exert a high osmotic pressure and consequently 
withdraw fluid from the vessels. 

Escape of blood plasma is a potent factor in the defence against 
bacterial infections, for it not only dilutes the toxins but also exposes 
them to antibodies and supplies opsonins which facilitate phagocytosis. 

In some circumstances, especially when poured out upon a serous 
surface, the fibrinogen-rich exudate becomes clotted, and this may have 
an additional value as a means of arresting mechanically the spread of 
an infection. This is seen most strikingly when an acute appendicular 
infection is circumscribed by fibrinous adhesions between the surround¬ 
ing coils of intestine. 

The Nature of the Leucocyte Response. One of the most remarkable 
features in the whole process of inflammation is the behaviour of the 
leucocytes, particularly, in acute infections, of the polymorphonuclear 
leucocyte. 

Reference has already been made to the emigration of the leucocyte 
—^how it settles to the periphery of the blood stream, ranges itself 
alongside the vessel wall, extrudes itself between the endothelial cells, 
and finally moves in the lissue spaces towards the focus of inflam¬ 
mation. 

If the leucocyte now comes within range of any particulate matter— 
a minute foreign body or a bacterium—it may exhibit the phenomenon 
of phagocytosis {tftayeiv —to eat). First the cytoplasm on the side 
nearest the particle bulges, and then projections or pseudopodia appear, 
which encircle the particle and draw it into the substance of the 
phagoc 3 dc. Within the cell the particle is subjected to the action of 
enzymes and digested or dissolved—or if it cannot be digested it may be 
discharged from the leucocyte and set free again in the tissue fluid. 

It is interesting to note in passing that the property of phagocytosis, 
so beautifully seen in vivo, is entirely lost in in vitro experiments if the 
leucocytes are first washed in physiological saline. From this it is clear 
that some elements from the body fluids are required to facilitate 
phagocytosis. These elements are known as opsonins (6^v —^a sauce). 
They are present in normal blood plasma, and are found in greatly 
increased amount in the plasma of patients whose immunity is raised 
in response to an infection. 

The plj^tMoaenon of phagocytosis by leucocytes was discovered by 
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Metchnikoff almost by chance in the course of a general inquirjf into 
the cellular responses to injury shown by the simpler forms of life. A 
rose thorn embedded in the transparent larva of the starfish was found 
to elicit a cellular response to all intents and purposes the same as in 
animals possessing a vascular system. From these otbservations 
Metchnikoff came to the conclusion that phagocytosis is not merely 
an important feature, but the very essence of the defence against injury 
or infection ; in other words, all the other phenomena of infiammation 
merely form the mechanism evolved by the higher forms of life to bring 
the leucocytes more rapidly to the field of action. This simple view is 
not, however, to be accepted. Whilst the leucocytic response is of 
undoubted importance, there are many other factors involved in the 
defence against infection. 

The mechanism of leucocytic emigration and phagocytosis is one of 
great biological significance, and it is now generally agreed that these 
processes can best be explained by applying the known laws of chemistry 
and physics. They really depend upon the related properties of chemo- 
taxis and amoeboid movement. 

The term chemotaxis was suggested by Pfeffer in 1881 to describe a 
phenomenon exhibited by the spermatozoids of certain ferns which were 
powerfully attracted by dilute solutions of malic acid, a substance 
contained in the female sperm cell of the fertj. A similar property was 
demonstrated by Stahl in his classical experiments with a jelly-like 
plasmodium growing on the bark of trees. Stahl showed that in vitro 
the plasmodium is attracted towards a drop of infusion of oak bark, 
|)rovidcd it is in sufficiently dilute solution. Moreover, he noted that 
the plasmodium moves towards the drop by a process of protoplasmic 
streaming closely similar to amoeboid movement. 

The chemotactic effect of a substance towards leucocytes may be 
tested by placing the substance in the open end of a capillary tube and 
inserting the tube within the peritoneal cavity of an animal, when 
positive chemotaxis is indicated by the aggregation of leucocytes round 
its open end. Many substances have a positive chemotactic action, 
whilst others are neutral, and others again are said to have a negative 
action, i.e., repel the leucocytes. 

Chemotaxis is now recognized to be a surface tension effect (see 
below). If the solution has the effect of reducing the surface tension of 
the leucocyte on the side nearest to it, the leucocyte travels in that 
direction. The property of phagocytosis also is now regarded as a 
comparatively simple physical process resulting from changes in surface 
tension. Phagocytosis is not, of course, peculiar to the leucocyte, but is 
enjoyed by all unicellular organisms and is one of the most striking 
characteristics of the amoeba. An amoeba may be looked upon as a drop 
of a colloidal solution enclosed in a delicate semi-permeable membrane, 
and its movements are related to changes in surface tension which, in 
turn, depend upon changes in the character of the cellular protoplasm 
or of the fluid in which it is immersed. 

Both chemotaxis and ammboid movement may be imitated by 
“ artificial amoebee ” composed entirely of non-living substances. Thus 
a drop of clove nil suspended in a mixture of Jlid alcohol 
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performs movements almost identical with those of the aniceba—it 
responds to chemotaxis and exhibits “ phagocytosis,” 

Chemotaxis may be demonstrated if a small quantity of stronger 
alcohol is injected into the fluid near to the drop of clove oil. The 
alcohol reduces the surface tension on the one side of the drop, the drop 
thereupon bulges on that side and moves in the direction of the stronger 
solution. Phagocytosis is best imitated by an “ artificial amoeba ” 
consisting of a drop of clUoroform suspended in water. When such an 
amoeba comes within range of a minute particle of shellac or paraffin or 
balsam, it sends out pseudopodia, engulfs the particle and then digests 
(i.e., dissolves) it. If the particle is in the form of a tlu'cad, it may be 
engulfed even though it is several times longer than the diameter of the 
4rop, being gradually drawn in and coiled up inside until completely 
ingested. Other types of particle, on the otlier hand, the chloroform 
amoeba will reject, for example, fragments oJ‘ glass or woikI. The most 
remarkable of all is provided when a fragment of glass coated with 
shellac is offered to the chloroform amoba, for this compound particle 
is readily ingested, and when the shellac has been dissolved within the 
drop the glass is extruded. 

Suppuration. Suppuration results when there is a nice balance 
between the infecting agent on the one hand and the inllammatory 
reaction on the other. The combined effects of the leucocytes and the 
antibodies contained in the inflammatory exudate have circumscribed 
the infection, yet failed to destroy the causative organisms. Many of 
the phagocytes are themselves destroyed by the bacterial toxins, and 
they and their enzymes and liquefaction products are the main consti¬ 
tuents of the pus. In severe spreading infections the appearance of pus 
indicates that the infection lias been circumscribed. Under these 
circumstances “ laudable pus ” is indeed welcome. 

Pus formation is due essentially to the progressive emigration of 
leucocytes in large numbers, and it depends upon the continued produc¬ 
tion of chemotactic substances by the infecting agent. The pyogenic 
cocci are the commonest causes of suppuration, whilst coliform bacilli 
and many other organisms may be responsible, though less frequently. 
Aseptic irritants, e.g., foreign bodies, are less common causes of 
suppuration. 

The leucocytes present in pus secrete proteolytic enzymes, and as 
many of the leucocytes are killed by the bacterial toxins and undergo 
disintegration their intracellular enzymes are also liberated. The 
digestive action of pus is manifest by its effect in loosening adherent 
sloughs in such conditions as cellulitis. In any suppuration, indeed in 
any severe inflammation, there is inevitably some destruction of the 
specialized tissue cells, sometimes amounting to massive necrosis of 
the part. It is the function of the enzymes of pus to digest and liquefy 
such necrotic tissues, so that they may be re-absorbed or, failing this, 
discharged when the abscess conies to the surface. 

This consideration should be kept in mind in the surgical treatment 
of suppuration. If pus is present the natural reaction of a surgeon is to 
let it out, io terminate the toxtemia caused by septic absorption from 
the abset^Ms!? remembered, however, that the enzyme effects 
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of pus are often beneficial, and if the toxaemia from absorption is not too 
severe a more conservative attitude is often advisable, particularly in 
conditions characterized by extensive necrosis of tissues. This is the 
basis for the modern treatment of boils, carbuncles, acute mastitis and 
similar infections, delaying incision until the sloughs have been liquefied 
by enzyme action. 

Types of Inflammatory Cells. In the foregoing account of acute 
inflammation and suppuration the cell of most conspicuous importance 
has been the polymorphonuclear leucocyte. This is the cell evoked by all 
the common causes of acute inflammation, and may be regarded as the 
first line of defence against acute infections. In the later stages of acute 
inflammation, and in chronic inflammation, other cells appear and 
occupy more important positions in the tissue reaction. 

The large mononuclear cell or macrophage takes an important part 
in clearing up or scavenging after the acute phase of inflammation is 
past. This cell, variously known as a polyblast, a clasmatocyte, or an 
adventitial cell, is a large, pale, rounded cell with a vesicular nucleus 
and abimdant cytoplasm. It is believed to be derived from the histio¬ 
cytes or wandering cells of the tissues, from the cells of the reticulo¬ 
endothelial system, or possibly from the large mononuclear cells of the 
blood. Its main function is to scavenge by phagocytosis the dihris left 
by the acute inflammatory reaction, and thus it may engulf red cells, 
dead polymorphs, blood pigment, foreign particles and fragments 
of dead tissue. In some cases, where there are larger fragments of 
foreign material to be removed, several macrophages fuse, forming giant 
cells allied to the foreign-body giant cells. 

Lymphocytes are rarely seen in acute inflammations, except in the 
central nervous system, where they are regularly present in such condi¬ 
tions as poliomyelitis and meningitis. They are more characteristically 
present, however, in chronic infections and in specific conditions such 
as tuberculosis, syphilis and actinomycosis. Lymphocytes have little or 
no phagocytic activity, and migrate much more slowly than polymorplis 
in response to chemotaxis. 

Plasma cells are also characteristic cells of chronic inflammatory 
conditions. They are mononuclear cells, somewhat larger than lympho¬ 
cytes, with an excentric nucleus and a basophil cytoplasm which 
contains in its centre a clear area close to the nucleus. Plasma cells 
and lymphocytes together constitute the “ small round cells ” of chronic 
inflammatory exudates. 

Eosinophil cells are normally present in the blood in small numbers 
(2 to 4 per cent.), and are occasionally foimd in inflammatory infiltra¬ 
tions. They are most characteristically preset in allergic conditions 
and in parasitic infestations, and. it seems likely they may appear in 
response to the irritation of foreign proteins. 

Repair 

Following rapidly upon inflammation, and indeed merging Mth its 
later phases, comes the process of repair. This, pno^s vmries in 
character according to the particular type of in the 
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inflammatory reaction and the degree of destruction. In general, the 
greatest capacity for regeneration is shown by areolar and fibrous 
tissues and by covering layers of epithelium, whereas the secreting 
cells of glands, the cells of the central nervous system and muscle cells 
undergo regeneration to only a small extent. In these latter tissues 
the process of repair consists mainly in filling the defect fibrous 
tissue. Thus a wound of muscle is followed by very little proliferation 
of muscle cells, and the defect is repaired by a growth of scar tissue. 

The process of healing may be seen in its simplest form in a clean 
incised wound of the skin. Microscopically, the first evidence of healing 
may be seen within 24 hours, both in the connective tissues and the 
epidermis. 

In the connective tissues young capillary vessels bud out from exist- 



Fio. 1. Wound of integuments, twenty-four hours old. The cavity of tlie 
wound (on left) is filled with clot. Early inflammatory changes are 
seen at the margin. 

ing vessels at the margin of the wound and invade the blood clot 
occupying the wound. Around the capillaries appear fibroblasts, and 
with them come large phagocytic cells, scavengers of any dead material. 
The fibroblasts proliferate actively and form a young connective tissue 
known as granulation tissue. Later the fibroblasts give rise to the 
formation of collagen fibrils, whilst the cells themselves become reduced 
in size and cease to proliferate, so that eventually the granulation tissue 
is converted into fibrous tissue of adult type. 

Simultaneously with these changes in the connective tissues healing 
proceeds in the epidermis. At a very early stage epidermal cells extend 
from the wound margin into or,over the surface of the blood clot. To 
some extent this process is due to multiplication of the marginal cells, 
but much of it is due to sliding of the adjacent epidermis in towards 
the wound. . This is seen well in wounds of the rabbit’s cornea. In this 
animal|t. in the basal cells of the limbal epithelium forms a 
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complete brown ring round the limbus; after a wound of the cornea 
sliding of the epithelium is demonstrated by centripetal displacement 
of that part of the ring close to the wound. 

At first the new epidermis is thin and unkcratinized. Later it 
approximates to normal epidermis, but lacks sebaceous* or sweat 
glands ahd hair follicles. 

In large wounds healing is delayed by the simple difficulty of filling 
the defect. The same inflammatory reaction occurs, and the cavity of 
the wound is filled by a coagulum of blood and lymph containing many 
leucocytes. Capillary loops and fibroblasts grow into the coagulum 
from the surrounding tissues and sooner or later line the wound with 



Fig. 2. Wound of the integuments, three days old. The cavity of the 
wound (left) is filled with clot. There is'a vigorous downgrowth of 
epidermis over the edge of the wound, 

granulation tissue, which later becomes fibrous. Contraction of the 
young fibrous tissue then occurs, and this has a valuable effect in 
reducing the size of the wound. 

Whilst these changes are occurring in the depths of the wound the 
epithelium round the margin proliferates and grows over the defect as a 
thin blue layer, easily damaged by moving the part or by tearing off 
adherent dressings. In the case of large wounds, the epithelial growth 
may prove insufficient to cover the whole defect, especially if a chronic 
infection persists or if the part is of poor vascularity,, for^ owing to lack 
of adequate nutrition from the underlying connective ti^ues the epithe¬ 
lial ingrowth becomes progressively slower and the the. wound 
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is left open as an ulcer. In such cases the epithelium covering the wound 
margins is thin, blue and adherent, and is very easily devitalised. 

Shrinkage of the tissues plays an important ])art in healing, parti¬ 
cularly imlarge wounds. It is a matter of everyday experience that the 
eventual scar is always much smaller than the original wound, and in 
some cases the area of the raw surface is reduced by 75% as a result of 
this process.« 

Factors influencing the Rate of Wound Healing. The rate of wound 
healing is affected by many factors, both local and constitutional. 

(1) Vascularity. Wounds of the face heal with great rapidity 
(despite constant movement) and so do wounds of the scalp, whereas 
wounds of the less vascular skin of the trunk and limbs arc much 
slower. If the blotul supply to a part is seriously diminished, as a result, 



Fio. Wound of integuments, ten days old. The wound is filled with 
> young connective tissue and completely covered by epidermis. Some 
islands of epidermal cells are included in the scar. 

for example, of local scarring or obliterative vascular dis(;ase, healing 
may be greatly delayed. 

(2) Lym^h drainage. Impairment of lymph drainage slows up the 
process of repair, as is seen clearly in the healing of a part cedematous 
from any cause. The beneficial effect of elevation of a wounded limb 
is due to the improvement which results in lymphatic drainage, whiU; 
the effect of firm pressure, such as is produced by encasing the part in 
plaster, is attributable to the same cause. 

(8) Movement. Movement of the wounded part is well known to 
delay healing, and indeed immobilization is a cardinal principle of 
treatment. Immobilization not only prevents damage to the young 
granulation tissue and covering epithelium, but also diminishes greatly 
the flow of lymph through the affected part, and this factor also appears 
to have a beneficial influence. Apart from delay in healing, movement 
also leads t^^l^ll^xnation of large imsightly scars; witness the “ keloid” 
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cicatrix of many wounds of the neck as compared with the Ihin linear 
and almost invisible scar in a limb immobilized in plaster. 

(4) Anchorage to subjacent tissue. Reference has already been 
made to the part played by shrinkage of the woimd. If tho margin or 
base of the wound is anchored to a subjacent bone or ligament or fascia 
—^the result, for example, of infection—^shrinkage cannot occur and 
healing is delayed. This is well seen in the clironicity of varicose ulcer, 
of deep wounds involving bone, and of the incision in cases of osteo¬ 
myelitis. 

(5) Foreign bodies and irritant applications. Apart from inert 
materials such as stainless steel and vitallium, nearly all foreign bodies 
induce a reaction which impairs the process of healing. The reaction 
varies from a miivimiim connective tissue response to all grades of 



Fig. 4. Wound of integuments, thirteen days old. High-power view 
showing character of the young llbrous tissue occupying the wound.* 

The epidermis is undergoing keratiniwtion. 

inflammation, according to the irritant character of the substance 
and the degree of infection associated. In the more severe types the 
whole process of healing is held tip until the foreign body has been 
extruded. 

Necrosis at the wound margin, whether due to impaired vascularity 
or to infection, has the same effect. Here healing is delayed until the 
dead tissue has been loosened by phagocytic action and cast off as a 
slough. 

Antiseptics applied to a wound may have a similar effect inasmuch 
as they are harmful to the living cells. Indeed, some antiseptics are 
more effective in delaying the process of healing than th^infection they 
are designed to prevent. 

(6) Infection. Of all the local factors which - influence wound 
healing infection is undoubtedly of the greatest practical imfiortance. 
Toxins of bacterial origin destroy the marginal epiti:m|ipa and^nnec- 
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tive tissue cells, and the presence of fluid and cellular inflammatory 
exudate also delays the healing process, while in some cases the formation 
of sloughs is a further factor. Much dcfiends upon the nature of the 
infecting organism and it is generally agreed that a streptococcal 
infection is most harmful. The physical state of the infected wound is 
of even greater importance. Thus a completely open surface wound 
may heal at almost the normal rate despite heavy infection, while a 
deep wound, especially if closed by sutures, by creating conditions of 
tension under which necrosis occurs, may heal only after much delay. 

(7) Constitutional factors. Wound healing is generally delayed in 
diabetes and severe aneemias. Hypoproteinmnia is believed to bt* a 
factor, perhaps to rfome extent on account of the oedema to which it 
gives rise. Deficiency of vitamin C has recently been shown to be 
'important and may be the factor responsible for the delayed healing of 
operation wounds in patients suffering from gastro-intcstinal diseases 
such as carcinoma oi“ the stomach and peptic ulcer in whom the absorp¬ 
tion of vitamin C has been defective. The frecpiency of “ burst abdo¬ 
men ” in such cases has been attributed to this factor. It has been 
shown that the part played by vitamin C is to facilitate the restoration 
of collagen. In deficiency states the early phases of wound healing 
proceed normally, but (jollagen fails to develop, the wound does not 
(tonsolidatc and tends to stretch or give way at a later stage. 

Wound-stimulatii^ Substances. Since prehistoric times men have 
searched for substances capable of accelerating the healing of wounds. 
In recent years particular attention has been directed to embryonic 
extracts, some of which are known to accelerate the growth of cells in 
tissue culture, to various substances affecting surface tension, and to 
particular agents such as allantoiu, red cell suspensions and chemicals 
with the sulphydryl group (SH). At the present time none of these 
substances has been shown to be of practical value. Indeed, when one 
observes the headlong rate of healing as seen microscopically in a simple 
clean untreated wound, it becomes obvious that no method of hastening 
this process is likely to be more effective than that of putting the 
wound at rest and countering the influences adverse to healing. 
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WOUND INFECTIONS 

There are no boundaries in scientifie endeavour, and our knowledge 
of wound infeetions is the outcome of the labours of the pioneers of 
Listcrian and aseptic principles and steady advances in bacteriology, 
immunology and therapeutic discoveries. Nowadays in hospital wards 
we seldom witness the once common ravages of erysipelas, moist gangrene 
and uncontrolled case-to-case infection. Though we may feel more 
secure, wound infections on a lesser scale are still very common and arc a 
continued source of difficulty and anxiety in all fields of surgical work, 
so that study of the basic factors governing their origin, propagation 
and control is of the highest importance. Indeed, it is a first principle 
of surgical teaching. 

Woimd infection is the result of implantation of pathogenic bacteria 
upon or within a breach of the cutaneous, serous or mucous surfaces of 
the body. The portal of entry may be an obvious wound or the most 
insignificant abrasion, scratch or prick. In either case the ensuing 
infection may lead to severe damage to the part primarily infected, to 
grave constitutional disturbance and to lesions in distant organs, any 
one of which may exceed the original infection in importance and 
severity. 

Predisposing Factors. Susceptibility to wound infection may be 
conditioned by constitutional or local factors. Frequently these are 
combined. 

(1) In some persons, even though seemingly robust, there is an 
undeniable lack of resistance to certain types of infection, the underlying 
cause of wliich is not understood. Sometimes the susceptibility is 
familial, more often it is an individual peculiarity. Constitutional 
susceptibility may also be caused by debility resulting from acute or 
chronic illnesses, diet detieiency, diabetes, etc., which favour the 
occuiTcnce and propagation of infection. The diminished immunity 
may be aceovmtcd for by impaired local tissue activity and by reduction 
in the bactericidal properties of the blood. 

(2) The local factors which influence infection are largely governed 
by’ the quality of the leucocyte response. Comsequently, parts which 
are highly vascular are relatively immune from severe infections and 
are more able to circumscribe them promptly and vigorously as com¬ 
pared with tissues of less vascularity. Thus wounds of the face seldom 
become infected, whereas in wounds of avascular structures, such as 
tendons or cartilage, the tissues show poor defence and often undergo 
necrosis. 

The special characteristics of the wound may have an important 
bearing upon the severity and course of an infection. Contusions and 

A ’ 
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lacerations provide a favourable foothold for bacterial growth, especially 
if there is contamination with extraneous matter, and the resulting 
infection is often severe and attended by sloughing and considerable 
toxic absorption. Punctured wounds, such as may be sustained in 
conducting a post-mortem examination, may be equally dangerous, 
because infective material (sometimes with foreign matter) may be 
implanted at; considerable depth and the narrow outlet prevents the 
escape of inflammatory products. 

The skin and subcutaneous tissues arc more resistant to infection 
than the serous membranes of the body. For example, a trivial infection 
of a joint, such as the knee, is often followed by severe and extensive 
inflammatory change. 

Sometimes a part already infected, e.g., a chronic ulcer, affords 
‘ access for more virulent organisms, and the existing reactive processes 
may limit the severity of the infection. Superadded infection of more 
recent wounds is common, and sometimes of serious consequence. * 

Bacteriology of Wound Infections 

The most important bacteria in the causation of wound infections are 
the pyogenic streptococci and staphylococci. In special circumstances 
there may be a concomitant or supcrimi)osed infection by other 
organisms such as B. coli, B. pyocyaneus, pneumoco(;ei. Cl. tetani and 
Cl. welchii. 

The Pyogenic Streptococci. The streptococcus group is very hetero¬ 
geneous and complicated classifications of various groups, types and 
strains have been formulated. For practical purposes, however, regard 
need be taken only of two chief types, the haemolytic and the non- 
haemolytic. 

The haemolytic streptococci are freciuently found in the nasopharynx, 
and streptococcal infections may originate from this site or from external 
sources. They are apt to cause acute spreading infections such as 
erysipelas, cellulitis, lymphangitis, etc. They are of especial importance 
as the commonest cause of puerperal sepsis (p. 679). 

As the manifestations of the diseases produced by the haemolytic 
streptococci arc so varied many attempts have been made to formulate 
a cultural or biological standard to account for the differences, Lanijcfield 
and others, approaching the problem from a serological standpoint, 
classify haemolytic streptococci into groups according to their agglutina¬ 
tion reactions. Most of the haemolytic streptococci isolated from 
infections in human subjects belong to group A. Streptococci of other 
groups designated (B.C.D.E. and H. to K.), which have been obtained 
from a variety of human and animal sources, are, with few exceptions, 
non-pathogenic for man. 

The non-haemolytic streptococci (which lack diffusible toxins) have 
a much lower virulence. They are normally found in the mouth {e.g., 
str. viridam) and the bowel (enterococcus). They are responsible 
for many low-grade infective processes, e.g., dental sepsis, peptic 
ulceration, cholecystitis. They are common commensals in mixed 
infections. In rare instances anaerobic types of streptococci are encoun¬ 
tered. They are usually non-haemolytic and of low virulence. 
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Pathogenic streptococci elaborate a diffusible toxin which varies in 
amount and character in different strains. The toxin contains a leuco- 
cidin and a librinolytic agent, and it is probable that the virulence of 
different strains is governed by the extent of productio^j of these 
substances. 

Staphylococci. The staphylococcus group includes the commonest 
commensals and pathogens in man. These organisms occur in the 
throat, on the skin, in hair follicles and in sebaceous glands. There are 
two fairly distinct types, the highly pigmented Staph, aureus and the 
paler Staph, alhus. Of these, the former is the more pathogenic in man 
and gives rise to pustules, boils, whitlows and carbuncles, and also to 
the great majority of cases of acute osteomyelitis. 

The pathogenic power of staphylococci is due almost entirely to the 
exotoxins they produce. These contain (1) an a-lysin, which gives rise 
to skin-necrosis in addition to other toxic effects ,* (2) a )9-lysin, of 
uncertain action; (8) a leucocidin; and (4) coagulase, which is 

responsible for the clotting of plasma. The toxins of staphylococci 
evoke a vigorous antitoxic response in the blood. Like other exotoxins 
they can be changed to toxoid by the use of formaldehyde, and in such 
attenuated form have been used for immunization. 

Bacillus coli. The Bacillus coli occurs naturally as a commensal in 
the intestinal tract. It is a common cause, either alone or with other 
organisms, of inflammatory and suppurative lesions within the abdomen, 
e.g., peritonitis, cholecystitis, appendicitis. In such diseases the pus 
has a characteristic fa:cal odour. B. coli is also often responsible for 
inflammatory lesions in the urinary tract, e.g., pyelitis and cystitis. In 
general, the organisms cultivated from such lesions are more virulent 
than the ordinary intestinal strains. 

Bacillus pyocyaneus. This organism, which occurs naturally in 
decomposing organic matter, sometimes gives rise to a superimposed 
infection in wounds. It rarely occurs alone. In wounds it gives rise 
to a characteristic green or bluish coloration of the pus owing to the 
production of a pigment pyocyanin. 

Source of Wound Infections 

A wound may be infected by organisms already present in the skin 
or mucous membranes, or by organisms introduced from without. 

The skin is a common source of wound sepsis, for it frequently 
harbours pathogenic organisms, especially staphylococci and strepto¬ 
cocci. 

Skin organisms vary greatly in number and virulence. Some 
persons liarbour staphylococci of high virulence in large numbers; 
others have relatively few pathogens. This disparity is related to 
certain occupations; thus doctors, nurses and others handling septic 
material may harbour dangerous organisms, and so to a smaller extent 
may butchers and fishmongers, whereas at the other extreme in motor 
mechanics and engineers working with oil and metal filings the skin 
of the exposed parts is commonly almost sterile. ,, * . 

Organisms introduced from withdht include the. ^ogenic 
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cocci and also the strepfioboccus of erysipelas, the bacillus' of tetamis, 
and the anaerobic organisms of gas gangrene. 

Contaipination of operation wounds is a subject of greatest concern 
to the operating surgeon, and one which places a great responsibility 
upon tho*se who supervise the aseptic ritual at operations. Apart 
from its immediate effect in causing wound suppuration, such con¬ 
tamination may play a part in the aetiology of phlebitis and pulmonary 
embolism, and is doubtless of importance also in causing adhesions and 
leading to keloids and painful scars. 

The incidence of wound infections bears a close relationship to the 
duration of exposure of a wound to the air. Thus in lengthy opera¬ 
tions, e.g., on the brain, a careful technique is of especial importance. 

The commonest type of post-operative wound infection is the 
' “ stitch abscess,” which usually develops ten days or two weeks after 
operation, giving rise to a small suppurative collection of low-grade 
virulence in the skin and subcutaneous tissue. The infecting organism 
is generally the staphylococcus albus, and is doubtless derived from the 
adjoining skin, in which it commonly occurs as a commensal. 

More virulent infections of operation wounds are generally due to 
streptococci, and their invasion of the wound must usually be attributed 
to some breach of aseptic technique, although the possibility that the 
organisms may be endogenous, i.e., blood-borne from some hidden focus 
of infection, cannot always be excluded with certainty. 

Staphylococci derived from the skin of the surgeon or his assistants 
may occasionally be responsible for infection of operation wounds. It 
must be realised that the most thorough “ scrubbing up ” cannot 
render the hands completely sterile, that organisms lying within the 
skin glands may be carried to the surface by perspiration during the 
course of the operation, and that such organisms may escape through 
minute glove punctures or through the sleeves of the surgeon’s gown, 
and thus contaminate the wound. In this connection it may be noted 
that unless particular care is taken, glove punctures occur in from 10% 
to 20% of operations. Fortunately, in most cases the organisms 
derived from a surgeon’s hands are staphylococci of mild virulence, 
which readily succumb to the natural defence processes in the healing 
wound. 

One of the most important sources of infection of operation wounds 
is the throat of the surgeon or his assistants. Pathogenic streptococci, 
hajinolytic and non-hjemolytic, are commonly present in the pharynx 
in a large proportion of persons, and their number and virulence are 
greatly increased in conditions of catarrh. The possibility of infection 
from this source (sometimes by “ carriers ”), should be a reminder of 
the necessity for adequate safeguards against droplet infection in 
operation theatres. 

The importance of air-borne infections during operation was well 
recognized by Lister, and it w;as to guard against this danger that he 
introduced the antiseptic spray. Later, as the incidence of the more 
virulent hospital infections diminished, and the air of hospital wards 
and theatres became less subject to contamination, the need for air 
sterilhEatkm became less obvious and the carbolic spray was abandoned. 
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Recently, attention has again been turned to the risk of air-borne 
sepsis, and such methods as ultra-violet irradiation (Hart) or the use 
of fine antiseptic mists or aerosols (Pulvertaft) have been advocated. 

SPECIAL TYPES OF WOUND INFECTION 
Erysipelas 

This is a rapidly spreading non-suppurative infiammation of the skin 
due to invasion by hecmolytic streptococci. The streptococcus is not 
specific and does not differ in its morphological and cultural charac¬ 
teristics from other streptococci, e.g., those responsible for puerperal 
sepsis. It docs, however, usually run true to type, and may spread 
from case to case if strict precautions are not observed. 

The organisms gain access tturough a wound or abrasion, often so 
small as to escape notice, and invade the lymphatics of the dermis. In 
the great majority of cases erysipelas affects the face or head. It 
generally originates near the mouth or nose, and may spread over the 
whole face and scalp, but does not usually invade the neck. Occasion¬ 
ally erysipelas affects the trunk, the scrotum, or the limbs, gaining 
access at a wound or at such an infected surface as a chronic leg ulcer. 

The affected skin is smooth, tense and fiery red. It is hot to the 
touch and tender on pressure. The spreading margin, which is irregular 
in outline, is clearly delimited and presents a raised edge, palpable on 
stroking towards the inllamed area. Minute vesicles arc often visible, 
especially just behind the spreading edge. The fluid they contain teems 
with streptococci. 

The inflammation tends to be arrested in parts where the skin is 
tightly bound to underlying tissues. In parts where the skin is loose, 
such as the eyelids, much swelling develops as a result of cedema. 

Microscoi)ically the coriurn is oedematous and infiltrated with 
innumerable polymorphs and wandering cells, particularly those of 
mononuclear type. Streptococci abound in the tissues and the lymph 
channels. 

In most cases erysipelas (if untreated) continues to spread for from 
three to ten days and then terminates abruptly. If uncomplicated, it 
is generally not dangerous to life, excejjt in infants and in old or 
debilitated persons. Immunity following an attack is of short duration; 
recurrences of infection may lead to considerable obliteration of the 
lymph spaces by fibrosis, and a form of elephantiasis may result. 


Cellulitis 

This is an acute diffuse inflammatory process affecting the .subcutane¬ 
ous tissues and other lax connective tissue planes. It is characterized 
by extensive necrosis and sloughing of the tissues, with scanty pus 
formation as a later and secondary feature. The infecting organism is 
generally the Streptococcus hsemolyticus, less often the Staphylococcus. 

The infection may reach the subcutaneous tissues through a 
punctured wound or a comparatively small abrasion or pri^:»afiS'.jfrom 
a neglected sore. The inflammation is often of sudden ons^^^^^^eads 
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rapidly, and may be attended by severe toxaemia. The affected part 
becomes red, brawny and tense, whilst acute Ij iuphangitis may be 
indicated by scarlet coloration and intense tenderness of the surround¬ 
ing skin, and by red lines outlining the course of the main lymph vessels 
leading to*the regional glands. As the cellulitis progresses, the skin 
becomes transparent and shiny, and eventually becomes discoloured and 
separates, revealing grey necrotic sloughs beneath. In severe cases 
there may be massive necrosis amounting sometimes to gangrene of a 
part. 

If the infection is of virulent type the regional lymph glands are 
involved early and may suppurate, or localized abscesses may develop 
at some point in the line of the lymph vessels. In severe cases septicaemia 
may supervene. 


Septicaemia and Pyaemia 

These two conditions are closely related and may be classified 
together under the term Septico-pyaemia. In septicaemia, organisms of 
the pyogenic group invade the blood stream and produce toxins which 
give rise to a characteristic illness. It is probably not true to say that 
the organisms grow and multiply in the blood stream. It seems more 
likely that the organisms establish themselves in the capillaries and 
sinusoids of the bone marrow, spleen and other tissues where they 
multiply and are liberated afresh into the blood. 

In pyicmia, clumps of organisms or fragments of infected blood clot 
enter the blood stream from a suppurative focus and give rise to 
metastatic abscesses. 

Septicaemia must be distinguislied from bacteraemia or bacillaemia. 
These latter terms are simply used to denote the presence of organisms 
in the blood. A bactersemia may be transient and symptom-free ; a 
septicajmia is persistent and is associated with definite and often severe 
and continued intoxication. 

Septicaemia. Septicaemia may originate from spread of the infection 
from an established suppurating focus or from a wound. Sometimes 
the origin is obscure and a pharyngeal or intestinal infection may be 
suspected, or puerperal or post-abortion sepsis. 

Haemolytic streptococci are responsible for over 50% of cases. The 
remainder are caused by staphylococci, pneumococci, and rarely B. coli 
or B. pyocyaneus. 

Streptococcal Septiccemia is a common complication of puerperal 
sepsis, whilst another common cause is a punctured wound, often of 
trivial character, such as a pin prick. One of the most fulminating types 
of septicaemia is apt to follow a prick with an infected needle or instru¬ 
ment, sustained during a post-mortem examination. There are all too 
many cases on record in which such an apparently trifling accident has 
proved fatal within a few days. / 

The infection is Characterized by severe toxaemia, with a high tem¬ 
perature, rapid pulse and raised respiratory rate. The parenchymatous 
cells of viscera and the myocardium sustain cloudy swelling and 

^ severe cases there are skin rashes and purpuric 
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heemorrhages. Broncho-pneumonia and nephritis are common, especi¬ 
ally in the terminal stages, whilst such complications as pleurisy, 
pericarditis, endocarditis, joint infections and multiple abscesses may 
occur. 

Staphylococcal Septicasmia differs somewhat in its manifestations. 
It may occur as a complication of an infected wound, but is more apt 
to follow such staphylococcal lesions as a furuncle or a focus of osteo¬ 
myelitis. It may arise from an infection of the tonsils or pharynx. 
The septicaemia is often of gradual onset, and at first its severity is not 
always apparent. Later it approximates in character to a streptococcal 
septicaemia. It is very apt to be complicated by the development of 
metastatic foci in the subcutaneous tissues, the viscera, and by 
pericarditis. 

Pyaemia. Pyaemia results from the dissemination in the blood¬ 
stream of clumps of organisms or small fragments of infected blood clot 
derived from thrombosed veins in the neighbourhood of a suppurative 
focus. The causative organisms are the same as in septicaemia, but 
haemolytic streptococci do not predominate to the same extent. 

The source of infection is nearly always a collection of pus under 
tension in a cavity provided witli free venous drainage. The commonest 
sources are osteomyelitis, infected compound fractures and infections 
of the lateral venous sinus secondary to middle ear disease. A special 
form, portal pyaemia or pylephlebitis, is a rare but dangerous complica¬ 
tion of abdominal suppurations. 

The infective emboli carried in the blood stream generally come to 
rest in the lungs, and there give rise to septic infarcts which later tend 
to form small abscesses. These in turn may- form emboli, which lodge 
in the viscera, especially in the spleen and kidneys or in the skin or soft 
tissues. Abscesses in these situations may develop rapidly without 
causing much intensification of the toxaemia. In some cases, subcutane¬ 
ous abscesses may appear suddenly, progress for a few days, and then 
as quickly diminish in size, the pus being absorbed partly or even 
completely. 


TETANUS 

Tetanus is the most dreaded variety of wound infection, and tlpe 
mortality from the disease in the non-immunized is little under 50%. It 
is a local infection which causes a general toxaemia with a particular 
selective effect upon the motor centres of the medulla and spinal cord. 
It is the result of a specific anaerobe, the Cl. tetani, which though delicate 
itself, produces spores which are resistant to ordinary degrees of heat 
and high concentrations of chemicals. The normal abode of the organism 
is the intestine of horses and other herbivora, and it is sometimes 
present in human faeces. Heavily manured soil, street dirt, etc., are 
particularly liable to harbour the spores and are an obvious source of 
wound contamination especially in agricultural workers. 

The tetanus bacillus thrives only in anaerobic conditions es^>ecially 
amidst devitalized tissue and in wounds already the seat of pyogenic oit 
anaerobic infection. Suppurating wounds, such M^jq^ay complicate 
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compound fractures, especially if there has been gross laceration and 
implantation of foreign material, are favourable for propagation of the 
organism; but the danger of infected abrasions, whitlows, and 
punctured wounds should be more fully realised lest timely prophylactic 
measures are neglected. The spores are sometimes introduced with a 
foreign body such as a splint^ of wood and may lie dormant until 
disturbed by ,a subsequent operation. Imperfectly prepared catgut 
has been responsible for tetanus after surgical operations. In excep¬ 
tional cases no portal of infection is discoverable. 

At the site of infection, after an incubation period which may be as 
short as two, or as long as twenty-one days, a virulent toxin is liberated. 
The period may be prolonged to eight or more weeks if antitetanic 
serum has been given for prophylaxis. The toxin reaches the nervous 
system by the blood stream and along nerv'e trunks, and produces 
exaggerated reflex excitability within the motor cells, which is evidenced 
first by sustained spasticity in the related muscle groups and afterwards 
(if at all) by their spasmodic paroxysmal contraction. When the toxin 
reaches the nervous system it is at once fixed, and it cannot be detected 
in the cerebro-spinal fluid. Its effect seems to be purely physiologic 
because at death there are no changes in the brain and cord ; death is 
due to secondary effects such as cardiac and respiratory failure, hyper¬ 
pyrexia, exhaustion, and pneumonia. 

The route by which the toxin reaches the nervous system has been 
the subject of a prolonged controversy and has invited much experi¬ 
mental research. In man it seems to be absorbed mainly by the blood 
because its earliest effects such as trismus, difficulty in swallowing and 
rigidity of the neck muscles emanate from centres which could be 
involved only through the circulation. Transmission of toxin along 
axis cylinders of motor nerves, though it may occur in man, is more 
usual in animals; it leads to tonic contraction of muscles in proximity 
to the source of infection (local tetanus), which, as the toxin diffuses, 
may become more widespread. In man the so-called cephalic tetanus 
which may complicate severe head wounds, probably owes its rapid 
onset, accompanied by convulsions and paralysis of cranial nerves, to 
migration of toxin along nerve pathways. 

The features and the severity of tetanus (if not modified by prophy¬ 
lactic serum) are, inter alia, conditioned by the amount of toxin which 
reaches and may continue to reach the central nervous system. When 
only a small amount reaches the spinal cord there may be only local 
contraction of muscles in the region of the wound. When larger 
quantities pervade the nervous centres there is sustained generalized 
contraction of muscles, involving particularly the masseters, the muscles 
of the spine, chest, and abdomen and to a less extent the limbs; 
recurring reflex clonic contraction of the muscles may occur but it is 
usually slight and of short duration. Massive absorption of toxin 
causes a greater excitability attended by the classical reflex spasms 
brought on by the slightest stimulation. In the severest cases they may 
be almost continuous and lead to fatality from cardiac or respiratory 
failure, often preceded by hyperpyrexia (lOS^-llO®). 

In tetanufi it has been observed repeatedly that the intensity of the 
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disease (and its outcome) is closely related to its period of incubation; 
indeed, the incubation time is inversely proportional to the severity of 
the disease. Usually, too, in cases with a short incubation period there 
is an early onset of generalized muscle spasms which betokens an over¬ 
whelming tox?:mia. From experience it has been found that when the 
incubation is under one week recovery is unlikely regardless of treatment. 

GAS GANGRENE 

Gas gangrene is the most serious complication of wounds. It has a 
fatal outcome in 50% of cases. The onset is acute and the infection 
progresses rapidly. Usually the disease is manifest within 24 to 48 hours 
of wounding, though in exceptional cases it develops within a few 
hours, and sometimes it is delayed for six or more days. Wounds of 
the buttock and lower limb are more often affected than those elsewhere, 
and the outcome of the disease at these sites is more grave. 

The organisms are anaerobic spore-bearing bacilli of the Clostridium 
group and are derived from the intestinal tract of man and animals. 
The pathological features of the disease are due to the powerful toxins 
produced by the organism and to their continued multiplication and 
spread in the tissues, especially muscles. 

In battle casualties gas gangrene is more prevalent in the winter 
months and in highly cultivated terrain than in the desert. Soiled 
garments are probably a frequent source of infection. In civil practice 
gas gangrene may complicate wounds contaminated with street dirt, 
manure and fouled clothing. 

Generally several varieties of clostridia are responsible for the dis'ease, 
though occasionally only a single species, e.g., Cl. welchii, may be 
present. The chief species causing toxaemia are Cl. welchii. Cl. septicum 
and Cl. adematiens: the first two are locally destructive. Cl. cedematiem 
has a longer incubation period (2 to 5 days), is less invasive, but produces 
a very powerful toxin. In addition the wound may contain less patho¬ 
genic clostridia such as Cl. sporogenes. Cl. tertium. Cl. hifermentans 
and Cl. fallasc. When Cl. histolyticum is present in mixed infection the 
disease is almost invariably fatal. Concomitant infection of the wound 
with aerobic organisms such as streptococci, staphylococci, pseudomonas 
pyocyanea and coliform bacteria is usual and may add to the gravity. 

Predisposing Factors. It is very important to appreciate that 
clostridia are frequently present in wounds yet do not give rise to gas 
gangrene. The local factors in a wound which favour its occurrence 
are not fully understood. The chief known and suspected predisposing 
factors are :— 

(1) Inadequate drainage or excision of deep penetrating wounds. 

(2) Involvement of muscle. 

(8) The presence of foreign bodies, devitalized tissue, or collection 
of blood clot. 

(4) Impairment of the circulation of the part, by damage to blood 
vessels or by constriction in tight bandages or plaster of Paris. 

(5^'^he presence of soluble calcium, derived, for example, from 
higW^fertilized soiK 
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Biological Properties of the Organisnis. Henry showed that the 
special characters of gas gangrene depend upon the biological properties 
of the organisms concerned. All the organisms possess, in various 
degrees, tlvi property of breaking down sugars and proteins, both of 
which are present in muscle. Some of the organisms, notably Cl. welchii, 
are strongly saccharolytic. and these appear to play the dominant part in 
the infective process. Others, particularly Cl. sporogenes, are strongly 
proteolytic, and their effect appears to be mainly synergic. Incidentally 
the proteolytic organisms are responsible for the gross putrefactive 
changes in the gangrenous part, and for the production of the peculiarly 
offensive gases. 

In typical examples of gas gangrene due to Cl. welchii and Cl. 
sporogenes, it appears that Cl. welchii initiates the process and proliferates 
more rapidly. It generates powerful toxins which spread rapidly in 
the long axis of the muscle and kill the muscle cells, and since the toxins 
are strongly haemolytic the muscle becomes stained by liberated blood 
pigment, and assumes a characteristic brick-red colour. In virtue 
of its saccharolytic properties the organism ferments the glycogen 
products, glucose and 


maltose, with the forma¬ 
tion of acids and gases 
(carbon dioxide and 
hydrogen). This early 
rapid growth of Cl. welchii 
is succeeded by the 
more gradual develop¬ 
ment of the proteolytic 
organism Cl. sporogenes. 
The muscle in the 
neighbourhood of the 
wound, and later more 
distantly, undergoes 
putrefaction and becomes 
soft and diffluent, with 
the production of various 
organic alkalis and 
hydrogen sulphide and 
other noxious gases. As 
a result of combination 
of hydrogen sulphide with 
the iron set free from the 



Fig. 5. Gas gangrene. Transverse section of a 
muscle at an early stage in the disease. The 
muscle fibres are separated by fluid exudate. A 
few polymorph leucocytes are present. 


blood by hsemolysis, the affected muscle acquires an olive-green colour. 


and finally becomes black. 

It is interesting to note that the acid produced by saccharolytic 
organisms such as Cl. welchii tends to inhibit the growth of the organisms 
in vitro, but in wounds the acid is partly lost in the profiise discharge, 
and partly neutralized by inflammatory exudate, by calcium salts, 
and by the alkaline products of the proteolytic organisms. 

Types of Gas Gangrene. The onset and progress of gas gangrene 
vary .^different subjects. The infection is sometimes 
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fttlminating, and gas formation may be apparent within a few houi^ 
of the injury. In such cases the disease spreads rapidly, toxaemia is 
profound, and a fatal issue not long delayed. This fulminating type, 
common in war wounds of the thigh, is apt to occur,when the 
blood supply of a considerable part of a limb is impaired. In less 
fulminating, but nevertheless extensive infection, the gas formation 
may not be noticeable for 24 to 48 hours, and then toxaemia is rather 
less rapid in development. In this type several muscles or even the 
whole limb may be affected {massive type). In the less virulent forms 
of gas gangrene, seen more often in civil practice, the infection is limited 
at first to a single muscle or a single group of muscles, and these may 
become gangrenous from end to end, although neighbouring muscles 

remain untouched {group 
type). Less commonly, 
there is no involvement 
of muscle, and the infec« 
tion is limited to the sub¬ 
cutaneous tissues and 
fascial spaces. 

The Pathological 
Changes. At first the 
affected wound has usually 
a dry surface, later there 
is a thin exudate (some¬ 
times sanious) containing 
fat droplets : gas bubbles 
may be expressed from it. 
Organisms abound but 
leucocytes are scanty or 
absent. The woimd at 
Arst emits a characteristic 
sweet odour. In the final 
stages the exudate is 
copious, dark in coloiur 
and offensive. The sur¬ 
rounding skin may be healthy or show mottling or greenish yellow 
patches in which large blebs may form. In an affected muscle the first 
recognizable change is a loss of contractility. Then the healthy colour 
is lost and gives place to a brick-red discoloration. Later the muscle 
becomes yellow and friable, and crepitates with gas bubbles, which 
are obvious at an early stage in X-ray films. Eventually it becomes 
soft and diffluent, and its colour turns to olive green and finally black. 
It is noteworthy that the usual signs of inflammation and suppuration 
are absent. 

The gas develops with great rapidity, and bubbles rise continually 
into the wound. At first the gas is odourless, and, from its content of 
hydrogen, is combustible. Later hydrogen sulphide and the other 
products of proteolysis give it a characteristic odour. The wound 
exudes thin, blood-stained fluid. 

From the region of the wound the infection spr^ds in the long 



Fio. 6. Gas gangrene. Transverse section of a 
muscle at a late stage in the disease. The 
muscle fibres are swollen and structureless, and 
many of them have undergone disintegration. 
Note the absence of polymorph leucocytes. 
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axis of the muscle to its two extremities, but for a considerable time 
extension in other directions is limited by the muscle sheath. 
Eventually this is perforated, usually alongside the blood vessels going 
to supply the muscle,, and the infection may then spread to other parte 
of the limb. 

Microscopically the first change apparent, near the spreading edge of 
the infected area, is that the muscle fibres are separated from their 
sheaths by an accumulation of fluid. This fluid is highly toxic, and by 
infiltrating in the long axis of the muscle and devitalizing the muscle 
fibres it facilitates the spread of the infecting organisms. The muscle 
fibres, surrounded by the fluid, lose their striations, and stain more 
deeply with eosin. Later the nuclei of the sarcolemina disappear 
and the whole fibre becomes necrotic. At a comparatively early 
stage the organisms are confined principally to the fibrous tissue 
reticulum of the muscle, and here they occur in large numbers. Later 
they invade the whole muscle. 

Constitutional Effects. The constitutional effects of gas gangrene 
result principally from the liberation of exotoxins, and only in the 
late stages do the organisms invade the blood stream. The toxins 
are principally haemolytic and cause extreme anaemia with slight 
icterus. Extreme degenerative changes occur' in the liver, kidneys 
and other parenchymatous organs. The liver may be infected in the 
terminal stages, and becomes the seat of necrosis and gas formation. 
The adrenal glands undergo degenerative changes, and adrenalin 
disappears comjjletely from the medulla. 

Anaerobic Streptococcal Cellulitis and Myositis 

The campaign in the Middle East brought to light an unusual but 
characteristic infection of the subcutaneous tissues and muscles caused 
by anaerobic streptococci with which are associated usually concomitant 
pyogenic organisms. It resembles gas gangrene, but differs from it in 
' several important respects. It develops insidiously after an incubation 
period of 3 to 4 days with only mild systemic upset. In the wound there 
is usually a copious exudate and gas formation extending diffusely 
between muscle and fascial layers. The affef;tcd muscle is at first pale 
and boggy, next bright red, and finally dark purple. It retains its 
contractile power. The skin usually shows intense erythema. The 
odour of the wound is less sweet and not so pungent as in clostridial 
infection. It is important to differentiate this type of wound infection 
bacteriologically from true gas gangrene because it is more likely to be 
survived and more conservative measures suffice for its relief. 

Progressive Post-Operative Gangrene of the Skin 

An intractable form of infective gangrene of the skill and sub¬ 
cutaneous tissues may on rare occasions follow upon infected wounds. 
It has occurred most often soon after drainage of an appendix abscess 
or empyema. The gangrene involves the superficial tissues only and 
spreads slowly and progressively until very extensive areas are affected. 
At the spre^ing margin 'the tissues are raised, cedematous and under- 
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rained'^l^nd extremely tender. There is usually moderate constitutional 
disturbance. 

The bacteriological features of this form of gangrene have not been 
fully elucidated, but experimental observations suggest that it may be 
due to combined activity of a micro-aerophilic streptococcus (a type 
common in the intestine and in lung abscess) and a stai>hylococcus in 
the skin. 

From the practical standpoint it is important to recognize that the 
gangrenous process cannot usually be checked by the ordinary surgical 
methods employed for infections, and that only free excision of the 
advancing serpigenous edges is effective. 
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CHAPTER III 

CONSTITUTIONAL EFFECTS OF INJURY 

This title includes hsemorrhage and burning as well as the condition 
known as traumatic shock, and in addition the special complication 
known as the crush syndrome. 

It is now established that haemorrhage, burns and “ shock ” have 
many effects in common, and they may conveniently be studied together. 
Each is associated with a circulatory disturbance, so it will be of 
advantage first to review some of the more important factors concerned 
in maintaining the circulation. 

The Mechanism of the Circulation. The circulatory system comprises 
the heart, the vascular bed (arteries, capillaries, veins) and the circu¬ 
lating fluid. In the traumatic disorders under discussion the heart’s 
action is not impaired primarily, and indeed may be augmented to 
compensate for other defects. As a secondary development, however, 
the action of the heart may suffer, as a result either of anoxia or, when 
the venous return is insufficient, of impaired filling. 

The arteries and veins also are not affected primarily, except perhaps 
in the acute reflex vasodilatation of syncope or “ primary shock,” and 
indeed in most traumatic circulatory disorders constriction of the 
arteries and veins goes a long way to compensate for the primary 
defect. 

The capillaries, on the other hand, are affected very greatly. The 
capillaries, individually so minute, together form a network of vast 
potential extent. Normally only a small proportion of them are in 
active use and the remainder arc contracted and empty. 

Following trauma, the capillaries of the injured part are paralysed 
and dilate, while then; may be a generalized capillary dilatation from 
anoxia or perhaps as a result of the absorption of depressor substances. 
Thus there results a disparity between the capacity of the vascular 
pathway and the volume of the fluid in circulation—a disparity increased 
by ha;moiThage or exudation of fluid into the tissues. It is this disparity 
which provides the key to the circulatory disturbance under considera¬ 
tion. 

The Capillary Fluid Balance. The fluid content of the body comprises 
the intravascular fluid (blood plasma), the interstitial or tissue fluid 
and the intracellular fluid. The volume of intracellular fluid is almost 
constant, for alterations outside a narrow range are incompatible with 
life. The intravascular and interstitial fluids, on the other hand, vary 
greatly in volume. Interchange- of fluid between the blood and tissue 
spaces takes place at the semi-permeable wall of the capillaries and is 
dependent on the following iihysical factors - 

(1) The Capillary Hydrostatic Pressure. This, the “ blood pressure ” 
within the .ca|aliaries, is greatest at the arterial end and diminishes 
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towards the venous end. It varies in different capillaries and at different 
times, and also depends upon the level of the capillary relative to the 
heart, but in general it is of the order of 30 mm. Hg. at the arterial end, 
falling to about 20 mm. at the venous end. Its effeet is to^ force fluid 
out of the capillaries. 

(2) The Osmotic Pressure. The osmotic pressure exerted by the 
plasma proteins is roughly 26 mm. Hg. Against this thore is the 
osmotic pressure exerted by the colloids of the tissue fluids, amounting 
to about 4 mm. Hg. Thus on balance there is a pressure of about 
22 mm. Hg., having the effect of drawing fluid into the capillaries. 

(8) The Tissue Pressure. This depends upon such factors as the 
filtration rate, the rate of lymph flow and the elasticity of the tissues. 
It amounts to a pressure of about 1-8 nun. Hg., tending to force fluid 
from the tissues into the capillaries. 

Thus it will be seen that at the arterial end of the capillary the 
hydrostatic pressure exceeds the sum of the osmotic and tissue pressures, 
hence fluid exudes from the vessel; whereas at the venous end the 
position is reversed and some of the fluid is reabsorbed (the remainder 
draining into lymphatic channels). Following injury this mechanism is 
upset and, according to the nature and extent of the injury, water 
(crystalloid solution), plasma or whole blood may escape into the tissues 
and stagnate there. 


Fluid Loss 

In different forms of injury the body may sustain an acute loss of 
water or plasma or blood. If the volume of circulatory fluid is suffi¬ 
ciently reduced a sequence of circulatory changes will occur indepen¬ 
dently of the character of the fluid loss. This sequence of changes 
will be considered later; first the diflerences depending on the character 
of the lost fluid will be studied. 

Dehydration. Dehydration, by which is implied loss of either 
water or salt solution, is common in severe vomiting or diarrhoea or as a 
result of a combination of diminished fluid intake with loss by sweating 
or fistulous discharge. It does not occur in uncomplicated form as a 
result of injury but is an important factor in association with loss of 
plcusma or blood. 

In simple dehydration the blood undergoes concentration, as 
indicated by increase in the red cell coimt, hsemoglobin index and 
hsematocrit ratio. Moreover, the plasma protein content also rises, 
and in consequence the capillary osmotic pressure is raised and water 
is drawn from the tissues into the blood stream. The sunken, lustreless 
eyes, the pinched drawn features and the dry inelastic skin bear testi¬ 
mony to this process. 

Depletion of the extracellular fluid interferes with the transfer of 
metabolites between the blood and the body cells and causes anoxia. 
It thus seriously impairs the nutrition of such important tissues as the 
heart muscle, Uver, kidneys and skeletal muscles. In addition as a 
result of the reduced flow of urine the non-volatile end products of kata- 
bolism mre retained and diminution of the alkali reserve (acidosis) 
ensues. 
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Loss of Plasma. Certain forms of injury, paiticuiarly bums, are 
characterised by loss of plasma from the circulating fluid. The blood 
is thus deprived of proteins and fluid, while the cellular elements are 
retained. .Examination of the blood therefore shows an increase in the 
red cell count, hamoglobin index and hasmatocrit ratio, but a reduction 
in protein content. This latter featiure is of great importance, for as 
the capillary osmotic pressure is reduced no fluid can be withdrawn 
from the tissues to make up the volume of blood in circulation. Indeed, 
unless the protein content is soon restored by mobilizing reserves the 
fluid shift will be in the opposite direction and oedema will result, with 
further reduction in the volume of the blood in circulation. 

In plasma loss as in simple dehydration anoxia and acidosis will 
aggravate the disorder, while in addition the great hsemoconcentration 
by increasing the viscosity of the blood will further impede the 
circulation. 

Haemorrhage. When bleeding occurs rapidly and is copious the 
sudden acute loss of fluid from the circulation causes a sudden fall of 
blood pressure, which may be manifest in syncope or fainting. Very 
quickly, however, a compensatory mechanism is brought into action, 
which effects first (and almost immediately) a reduction in the capacity 
of the vascular bed, and secondly (and more slowly) a restoration of the 
blood volume. 

The reduction in capacity of the vascular bed is effected by vaso¬ 
constriction, brought about by increased activity of the vasomotor 
centre, resulting from the fall in venous pressure and diminution in the 
depressor stimuli originating in the aortic and carotid sinuses. At the 
same time the heart rate is increased and its output thus somewhat 
augmented. 

The restoration of bhxid volume is effected mainly by withdrawal 
of fluid from the tissues (a consequence of the fall of capillary hydro¬ 
static pressure) and to a small extent by contraction of the spleen. 
This fluid replacement begins very soon after the haemorrhage, but 
complete restoration of the blood volume takes many hours, or even 
days, according to the amount of fluid available in the tissues or made 
available by timely administration. 

This fluid readjustment has important secondary effects on the 
composition of the blood. At first examination of the blood shows no 
departure from the normal,, but soon there is evidence of dilution, as 
seen in diminution in the red cell count, haemoglobin index and haemato- 
crit ratio. Since full restoration of volume is slow, these estimations do 
not at first provide an accurate index of the amount of blood lost. 
There is also diminution in the protein content of the plasma, and if 
this is not rectified soon it will give rise to oedema. 

In haemorrhage, unlike simple dehydration and plasma loss, there 
is the additional factor of red cell loss, which by impairing oxygen 
transport increases the tissue anoxia. Since red cells are replaced slowly 
and haemoglobin stiU more slowly the anoxia persists. This leads, in 
particulai', to prolonged muscle weakness and especially to weakness 
of the myocardium. 

Late. Effects of Fluid Loss. Whatever the character of the fluid 
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lost, unless the loss is rajiidly made good there develops a sequence of 
events which lends to maintain and may increase the circulatory 
embarrassment. This sequence has been called the death cycle 
(McDowall). . 

The sequence is somewhat as follows. The reduction in volume of 
the circulatory fluid unless completely compensated by vasoconstriction 
leads to a fall of blood pressure and reduced blood flow. Consequently 
the venous return is reduced, cardiac Ailing is impaired, the heart, 
despite an increase in its rate, fails to maintain its output, and the 
blood pressure is further reduced. 

In addition to this simple sequence there are several collateral 
developments which influence the “ death cycle.” The factor of 
increased viscosity of the blood has already been mentioned. Other 
factors are consequences of anoxia, which may be due partly (in 
hajmorrhage) to lack of haemoglobin, partly to slowing of the blood flow 
and partly to deprivation of tissue fluids. Thus anoxia damages the 
myocardium. It also wesikens the skeletal muscles—the second heart— 
and they fail to pump blood back along the veins. Most inipt»rtant of 
all, it impairs the nutrition of the capillary endothelium, increases its 
permeability and promotes the escape of fluid from the vessels. 

Traumatic Shock 

The term “ shock ” has been applied to a wide variety of clinical 
states on no secure basis of pathology, and there are strong arguments 
in favour of discarding it. In this chapter the term is used merely as a 
convenient expression of the cireulatory disorder resulting from injury. 

In a typical case following a severe injury, the clinical progress is 
somewhat as follows. Immediately after the injury the patient collapses 
and may faint. This is the state of so-called primary shock. Although 
intense, this phase of collapse is not long sustained, and after a short 
time it may pass off eomplctcly. Later, generally within a few hours, 
signs of circulatory impairment reappear, the so-called secondary 
shock. This phase appears insidiously and if unchecked tends to 
progress and may prove fatal. At first the clinical signs are not definite. 
The patient is usually pale and limp and the pulse rate is somewhat 
rapid but the blood pressure may be normal or even raised. Only 
later, when the compensatory mechanism begins to fail, do the classical 
signs of “ shock ” appear. 

It is now generally established that the early phase of syncope is 
the result of widespread vasodilatation, affecting both arteries and 
veins, with sudden fall of blood pressure. This vasodilatation is 
believed to be due to temporary paralysis of the vasomotor centre 
which is bombarded by painful and other afferent stimuli from the 
injured part, and perhaps also by stimuli from the higher centres. 

The nature of the secondary circulatory disturbance has been the 
subject of numerous theories. It is accepted beyond all reasonable 
doubt that there is no primary heart failure (indeed the heart responds 
by increasing its rate and output) and no failure of the vasomotor 
centre (for compensatory arterial and venous constriction are obvious 
features) and that the primary and principal factor is disparity between 
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the volume of blood in circulation and the capacity of the capillary 
network. It is accepted also that in the later stages the progress of the 
circulatory failure is along the lines described above as tlie “ desath 
cycle.” The main field for controversy is as to the cause of the disparity 
between the blood and the vascular bed. As to this, the Y'icws held most 
widely at the present time may be summarised as follows :— 

(1) Nerve Stimulation. We have seen that in the initial pliase of 
syncope following an injury it is generally agreed that there is a transient 
paralysis of the vasomotor centre as a result of bombardment by 
afferent stimuli originating in the injured part. In the jiast, many 
workers have suggested that the later circulatory collapse has a similar 
origin, the result })crhaps of sympathetic inhibition or perhaps of 
excessive secretion of adrenalin. It has, however, been shown that 
even when the slate of “ shock ” is severe both arteries and veins are 
in a state of active constriction, from which it would apjjcar beyond 
dispute that the vasomotor centre remains intact. 

(2) Depressor Substances. Cannon and Hayliss, in experimental work 
on cats, in which shock was produced by heavy trauma applied to the 
thigh, found that the shock could be prevented by clamping the iliac 
vessels during the experiments but appcart;d after the clamps were 
released. IVom this they assumed that the eireulatory collapse was 
due to the absorption of a toxic or depressor substance from the injured 
part. A few years later it was shown by Dale and Laidlaw that wide¬ 
spread capillary paralysis could be produced by injection of histamine, 
and thus arose the conception of shock as due to absorption of histamine¬ 
like products from the damaged tissues. Later work, however, failed 
to confirm this hypothesis, for it was shown on the one hand that 
histamine shock is different in many resfiects from traumatic! shock, 
and on the other hand that the tnstarnine-like substances produced in 
an injured limb arc insufficient in amount to account for the collapse 
which may result. Interest in ilepressor substances as a cause of shock 
has however been renewed recently bjr the discovery that a substance 
obtained from crushed muscle, possibly adenosine triphosjihate, is 
capable of producing a shock-like state. Such a factor may possibly 
explain why scA'cre crush injuries of heavy muscles arc particularly 
prone to shock. 

(3) Local Fluid Loss. After a severe injury the loss of blood by 
extravasation into the injured part may be considerable. In addition 
blood stagnates in the dilated capillaries of the part and, since the 
permeability of the capillary endothelium is increased, plasma escapes 
from the blood stream into the tissue spaces. Earlier workers, while 
recognizing the existence of this local fluid loss, considered that it was 
not sufficient to account for the circulatory disturbance. According to 
Blalock and his colleagues, however, the extent of the loss is greater 
than had been supposed. From experiments in cats in which, after 
traumatisation of one thigh, the weight of the injured limb was compared 
with that of its fellow, he concluded that as much as half the total 
volume of blood in circulation may be lost in this way, an amount 
entirely sufficient to account for a severe degree of shock. 

In man it is unfortimately not possible to assess the volume of fluid 
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lost into the injured part.* In burns, where a large amount of fluid 
exudes at the surface in addition to that which accumulates in the 
tissues round and deep to the bum, it seems probable that this factor 
alone may be held responsible. In other types of injury the^evidence is 
less convincing. 

Whatever the nature of the primar 5 r factor in shock, clinical and 
* experimental investigations in recent years have established many data 
of importance in relation to treatment, especially in relation to the 
three principal methods of treatment, rest, warmth and the admini¬ 
stration of fluids. It is now realized that “ rest ” should imply strict 
immobility, for in the gravely injured patient even slight movements 
such as turning on one side gravely upset the blood pressure. The usual 
routine on admission to hospital of undressing and thorough cleansing 
may on occasions be fraught with danger. 

The application of heat, formerly a cardinal principle of treatment, 
has also been shown recently to be dangerous if carried to excess. The 
blood vessels of the skin constitute a large part of the total vascular 
bed. In severe shock the skin capillaries are shut down—hence the 
characteristic pallor and coldness—and this should be regarded as a 
compensatory mechanism. The first effect of heat is to dilate these 
vessels and thus to increase the disparity between the blood volume 
and the eapacity of the bed. Even in health, heat applied by a “ shock 
cradle ” for half an hour has been shown to bring about a notable 
reduction in the blood pressure. 

Fluids may be beneficial or harmful according to their composition 
and rate of injection. The aim must always be to replace the type of 
fluid lost—^blood, plasma, saline solution or water as the case may be— 
but two special factors must always be borne in mind. First, it must be 
remembered that capillary permeability is impaired in the injured part 
and also perhaps throughout the whole body, and in consequence 
crystalloid solutions given intravenously will quickly leave the circula¬ 
tion. Moreover, since a certain amount of protein is carried out too the 
osmotic pressure is reduced and more fluid is lost into the tissues. 
Secondly, it must be remembered that while in the early stages it is 
desirable to replace the lost fluids rapidly, in the later stages rapid 
injection may be dangerous, for if the .venous pressure is raised too 
quickly the heart muscle, impaired as a result of anoxia, may be over¬ 
taxed. 


Bums 

Burns or scalds differ from other forms of physical trauma in that 
they affect primarily one of the most vascular and richly innervated 
tissues of the body, they are usually extensive, and they are always 
prone to infection. It is not surprising, therefore, that the circulatory 
disturbance caused by bums differs in many features from that due to 
other injuries. 

Immediately after burning there may occur a transient phase of 
collapse similar to the “ primary shock ” which follows other types of 
injury, and probably due similarly to reflex, vasomotor paralysis. 

The most characteristic phase occurs somewhat 
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and becomes progressively worse during the succeeding two or three 
days. This phase, the/so-callcd toxaemia of bums, has been attributed 
by different workers to a variety of causes, including suprarenal exhaus¬ 
tion, deviation of the blood potassium level, absorption of autolytic 
products from the burnt tissues, and sepsis. While the last two cannot 
be ruled out altogether—and indeed sepsis undoubtedly plays a part 
in some cases, though usually at a somewhat later stage—there is 
convincing evidence that the main factor concerned is loss of plasma. 

This loss of plasma results from increased capillary permeability 
in the vicinity of the bum ; some of the fluid accumulates in the tissue 
adjacent to the burn while there is a copious outpouring into blisters 
and as an exudation from the surface. It has been shown in animals 
that when the burn is extensive the fluid loss may amount to 60% or 
more of the plasma volume. 

The blood changes follow naturally. There is marked hsemo- 
concentration, that is concentration of the blood cells as estimated 
by the red cell count, haemoglobin index or hajmatocrit ratio. The 
protein content falls, and despite rapid mobilization from reserves 
may remain persistently below the normal. In some cases the reduction 
in blood protein is sufficient to induce generalized oedema. The potas¬ 
sium content of the blood may be raised ; its signiflcancc is not under¬ 
stood. 

While the importance of plasma loss is well established, it may not 
be the sole cause of the toxaemia of bums. Of other possible factors, 
the absorption of bacterial toxins is one of the most important. The 
risk of infection of a burnt surface is obviously very great; indeed it is 
almost invariable, despite the utmost care in treatment. Probably in 
most cases toxaemia resulting from infection assumes serious proportions 
at a somewhat later stage, i.e., two or three daj^s after the injury, 
though exceptionally there is evidence to suggest that it may be a 
factor within 24 hours. 

Still later in the course of a burn—usually after two or three weeks— 
a further constitutional upset occurs characterized by hypoproteineemia 
and deficiency of haemoglobin. It Is especially apt to happen in an 
extensive burn. While it in part may be due to prolonged infection, its 
causation is not fiilly established. It is important not only for its 
constitutional effects but also as a cause of delay in the healing of the 
burn. 

y 

Crush Syndrome 

This syndrome is characterized by rcnal_ &ilure developing as a 
complication of a crush injury to a limb. It is especially apt to occur 
when a limb has been pinned under falling/masonry and suffered a 
temporary interruption of its blood supply, ^he renal damage takes 
place when the circulation is re-established and is believed to be due 
to toxic breakdown products—^particularly myohsemoglobin—derived 
from dead or dying muscle. 

The marked changes in the crushed limb vary. As a rule the limb 
is swollen, hwd, anaesthetic and paralysed. Arterial pulsation is 
genei^f^'ii^Be^, but may return, and as the circulation improves crops 
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of blisters appear. Necrosis of tlie muscles is a prominent feature, 
varying from patchy destruction to widespread gangrene. 

In the kidneys the microscopic appearance is that of an acute 
tubular nephritis, with selective changes in the ascending linjb of Henle 
and the second convoluted tubule. Jlrown casts of myohaemoglobin are 
seen within the lumen. It has been suggested that the level of the lesion 
is determined by the acidification of the urine which takes place at this 
segment of the nephron. 

As a result of the renal damage, changes occur in the chemistry of 
the urine and blood. The urine is greatly diminished in quantity, is 
highly ycid, and contains albumen and blood, MyohiEmoglobin may 
be found within a few hours after release of the trapped limb. The 
blood urea and also the blood potassium rise steeply. The blood pressure 
is raised. Death Irom renal failure may occur with great Suddenness, 
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CHAPTER IV 
TUBERCULOSIS 

Tuberculosis is one of the most widely distributed of all human 
diseases. All races are liable to infection and few escape. In Great 
Britain the death rate had shown an accelerated decline during the 
last few decades, but in spite of immense improvements in preventive 
nieasures and)M;reatment it is still about 74 per hundred thousand of the 
population ; so that tuberculosis may be classed with venereal disease 
and cancer as one of the most important scourges affecting mankind. 

Although tuberculosis in general comes within the domain of the 
physiemn, many of its local manifestations are at present regarded as 
within the scope of surgery. In the surgery of adults, tuberculosis 
of the lungs, the intestines, and the kidney and genital tract takes an 
important place ; and in the surgery of children, tuberculosis of lymph 
glands, bones, joints and the peritoneum accounts for as many as 80 to 
40% of hospital cases. It is thus evident that a knowledge of the 
pathological background of the disease is of importance to every surgeon. 

Frequency. The most accurate method of assessing the true 
incidence of tuberculosis is by routine post-mortem examination. 
This has been carried out by many workers in different parts of the 
world, and the recorded results are very instructive. Naegeli (Ziirich) 
found that 71% of 500 bodies of all ages were tuberculous, and that 
amongst adults over 18 years of age 98% were definitely infected. 
Reinhart (Berne) recorded similar findings in a series of 860 cases. 
In Edinburgh, Todd, who conducted a thorough examination of 404 
bodies, found that death was due to tuberculosis in 18, and that in 
68*9% of the remaining 886, there were signs of tuberculous infection. 
In the Royal Hospital for Sick Children in Edinburgh (children under 
12 years) Agnes Maegregor found in 1,127 autopsies (from 1922 to 
1929), that tuberculosis, in some form, was present in 22% of cases, 
and that in no less than 18% it had been the cause of death. 

Tuberculosis is a disease influenced notably by racial and economic 
factors, and these figures, which are from unselected communities in 
populous areas, indicate that the majority of adults and many children 
manifest some evidence of tuberculous infection, and that the lesion 
may be quiescent or progressive. The figures from children’s hospitals 
show how frequently infection occurs in early life. This is of import¬ 
ance, because it is generally believed that the majority of people 
acquire a tuberculous focus (become tubercularized) before adult life, 
a belief substantiated moreover by the observation that the Mantoux 
skin reaction, is positive in 50% of children under 12 years of age,* in 
over 70%_jst 20 years. As will be emphasized later, there is con¬ 
siderable jptt^lbgical evidence that many of the visceral manifestations 
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of tuberculosis seen in adult life owe their origin to the recrudescence of 
infection acquired in early life, rather than to an infection acquired later. 

Resistance to Tuberculosis. Resistance to tuberculosis varies in 
different races, at different ages, and from time to time in the same 
individual. Usually infection acquired in the first two years of life 
is rapidly fatal from progressive lesjons, an observation which 
emphasizes the importance of protecting young children from sources 
of massive or continuous infection. After the age of three years 
tuberculous infection, though more likely to be progressive than in 
older children, may remain tjuiescent or may even become arrested. 
In most civilized races there is a high resistance to tuberculosis, the 
result of progressive immunization during many generations, but in 
isolated communities, not previously immunized, the resistance is 
lacking. When members of such communities are subjected to 
infection they show an extreme susceptibility to the disease, which 
may then take an epidemic form of great virulence. Very striking 
examples of this are provided by the recorded outbreaks of tuber¬ 
culosis in Canadian Indians, Senegalese, and other uncolonizcd peoples. 
Tuberculosis was practically unknown in the Indians of the great 
Canadian plain until about 1870-1880. At that time the influx of 
traders, half-breeds, and tuberculous Indians of other tribes subjected 
them to infection, which quickly beeanip rampant. Ry 1890 the 
disease had assumed epidemic form, and eventually 26% of the adults 
and 32% of the children died of tuberculosis. Even at the present 
time, in spite of improvements in hygiene and treatment, the death 
rate is twenty times that of the white population in adjoining districts. 

In Scotland, the Outer Hebrides provide a very instructive example 
of how devastating was the introduction of infection into com¬ 
munities which, until comparatively recently, had been free of* 
tuberculosis. In these islands the introduction of infection is almost 
within living memory, and the annual mortality from tuberculosis is 
almost double that of the rest of Scotland. 

The rarity with which doctors, nurses, and others in sanatoria 
develop active tuberculosis, though constantly cxp>sed to infection, 
is explained, inter alia, by an acquired resistance in earl}’' life. For a 
similar reason, a wife seldom acquires infection from a liusband with 
“ open ” pulmonary tuberculosis, though children in the home fre¬ 
quently do. 

The above observations suggest that infection with tubercle bacilli 
is less unfortunate than would be supposed, provided the infection 
does not occur in the first few years of life, and is not of too over¬ 
whelming virulence when it occurs. This conception was the basis of 
the practice of inoculating babies against tuberculosis by means of 
an attenuated culture of tubercle bacilli (B. bili^, Calmette-Gu^rin; 
B.C.G.) in order to evoke deliberately the defensive processes against 
subsequent infection. 

Although infection with tuberculosis early in life may have a partial 
imihunizing effect, it is insutficient to afford protection against massive 
super-infection at a later period. 

Heredity and Tuberculosis. Congenital tuberculosis, the result of 
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transplacental infection, is of great rarity. Recent observations have 
shown that in such cases the maternal uterus has been the seat of 
tuberculosis. 

Statistipal evidence is very conflicting in regard to the extent to 
which there is a specific hereditary predisposition to tuberculosis. The 
hereditary factor is important to the extent (as in other diseases) that 
some families,have more than others tissues favourable for the survival 
of tubercle bacilli. Variation in susceptibility is dependent more on 
variation in environment than on specific susceptibility. 

Types of Infection. There are two common types of tubercle 
bacillus, the human type and tlie bovine type. The two are similar in 
appearance, and they can only be differentiated by culture or by animal 
inoculation. When cultured on glycerine-egg medium the human tyj)C 
grows readily, producing in the course of tvi-^o or three weeks an abundant 
wrinkled grtmth, whereas the bovine type grows hardly at all. When 
inoculated into animals the bovine type is more virulent than the human 
type. An emulsion of 0-1 mgm. of dried bacilli of bovine type injected 
intravenously in rabbits causes generalized tuberculosis and death 
within two months, whereas after a similar dose of the human type 
the animal dies only after two months, or may survive. 

Roth human and bovine types occur in man, and the frequency of 
each type varies in different organs and tissues. Bovine infection is 
generally regarded as more virulent, and more likely to give rise to 
multiple lesions or to generalized infection. With few exceptions 
intrathoracie tuberculosis at all ages is due to infection by the human 
type of bacillus; whereas, tuberculosis of lymph glands, bones and 
joints, and the abdomen, especially in children, is due in a considerable 
[iroportion of cases to the bovine organism. In Glasgow, Blacklock 
found that in children up to thirteen years bovine infection accounted 
for 64% of cciwical gland tuberculosis, 80% of abdominal, and 3.'>% 
bone and joint tuberculosis. 

Griffith (1932) gave the fiillowing results of his investigations of 
the incidence of bovine infection in the principal forms of “ surgical ” 
tubercvilosis :— 


All Akcs. 


Site of niHcasc. 


0 to Four reuni. 


Klve lo Fourtrcii 
Years. 


Xiiiuber Percent. Number Percent. Number Por cent, 

ot Cases. Bovine. of ('ases. Bovine. of Cases. Bovine 


Cervical lymph glands 

(England) 
„ „ ..(Scotland) 

Bones and joints (England) 
,, „ ..(Scotland) 

Genito-urinary (England) 

„ (Scotland) 



Sources of Infection in Man. The most common sources of infection 
are : (1) .^iitum from infected subjects ; (2) contaminated milk from 
cows su^ring from tuberculosis of the udder. 

A phthisical patient may convey infection directly to those about 
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him through his sputum, or the sputum may become inspissated, and 
may then be carried by dust. In either instance infection may occur 
by inhalation or by ingestion. 

Milk is a common vehicle for the tubercle bacillus, and so greatly 
is this source of infection dreaded in some cities that all milk is 
pasteurized before consumption. Improved veterinary and municipal 
administration has of late years reduced gradually the frequency of 
this source of infection, yet at least 7% of raw market milk in this 
country contains tubercle bacillus. ♦ 

Portals of Entry of Infection. Tubercle bacilli may gain access to 
the body by the mucous membranes or, rarely, by the skin. The 



Fig. 7. Calcified tuberculous nodules in the lungs and 
tracheo-bronchial lymph glands. 


mucous surfaces of the respiratory and alimentary tracts are un¬ 
doubtedly the commonest sites of entry of infection, and there need 
be no breach of the surface for its occurrence. 

Infected droplets of sputum or particles of dust may be inhaled 
so that bacilli reach the pharyngeal or respiratory mucosa, which they 
penetrate. That bacilli may gain entry to the body by the pharynx 
is proved by the discov'ery of tuberculous foci in the tonsils -of children; 
and it has been estimated that at least 6% of excised tonsils show 
mioroscopic evidence of tuberculosis. The mucous membrane of the 
trachea or of the bronchi also affords a surface for infection, and it is 
believed that catarrh of these passages favours Its occurrence. , Post¬ 
mortem and radiographic examination in children has shovm that 
primary involvement of the lu^g tissue (with secondary infection of the 
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tracheo-bronchial glands) is more common than was supposed formerly 
—the so-called primary complex. 

The mucous membrane of the small intestine is the other great 
absorptive, surface for tubercle bacilli, and the infection is almost 



Fia. 8. Tuberculosis of the kidney. At the upper pole there are two 
cavities, lined by tuberculous granulation tissue, which communicate 
with the renal pelvis. At the i^d-part of the kidney there are masses 
of caseous material. Multiple small tubercles are present in the mucous 
membrane of the renal pelvis. The ureter is infiltrated and greatly 
tliickened. 

{Department of Surgery, Untvereitg of Edinburgh.) 

always of bovine type carried by milk. Unlike most other organisms 
the tubercle bacillus, in virtue of its fatty capsule, can survive exposure 
to the gastric Juice, even for a period of several hours, and thus reaches 
the intestines unharmed. The bacillus gains access to the tissues 
through the lymph follicles of the ileum, the most actively absorptive 
region of the gut. Sometimes local ulcerations of the mucosa are present, 
but usually the point of entry is not detectable. 
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Infection through a cutaneous si^fece is very rare, and is 
limited almost to those frequently in contact with infected material. 
It is consequently most apt to affect doctors, orderlies, or butchers. 
The organism gains access through an abrasion, and therg sets up a 
localized focus {verruca necrogenica), which is usually situated on the 
hand, wrist or arm. 

The Early Evidences of Tuberculous Infection. To begin with, 
tuberculosis is always a local disease, and it affects especially tiie 
lymph vascular system of the body. It is therefore in the regional 
lymph glands and vessels draining the pharynx, lungs and small 
intestine that one seeks evidence of early infection. The initial foci 
of tuberculosis arc usually found at one or more of the following sites : 

(1) the tonsils, (2) the cervical lymph glands, (3) the tracheo-bronchial 
glands (by far the commonest), and (4) the mescjitcric glands. From 
the group of glands lirst involved the infeclion may spread to others. 
The affected glands may show little or no macroscopic evidence of 
disease, but usually one or several glands become enlarged, and may 
cascatc. Later in life, if resistance proves adequate, the only evidence 
of former tuberculous infection may be caleiftcatitm of a gland, and 
such hard nodules are often noted in the mesentery of the small intestine, 
the lung roots, and less often in the neck. 

Progress and Spread of the Disease. The progress of tuberculous 
infection depends on the virulence of the bacilli and on the patient’s 
powers of resistance. 

In some subjects the original infectiotj is followed by progressive 
tuberculous disease. In the vast majority the resistance proves 
adequate, and the organisms arc either destroyed or entrapped in scar 
tissue. In others again the infection may remain latent during many 
years, and maj’’ later become reactivated and spread, if for any reason 
the resistance is lowered. 

Natural resistance is low in the first fi!W years of life, but bi'comcs 
greatly increased in later childhood. The resistance may be undermined 
by malnutrition, intercurrent illness, or unhealthy environment, or by 
a combination of these factors. 

TJie disease may spread in any of the following ways :— 

(1) By the lymph vessels. 

(2) By the anatomical passages. 

(3) By the blood. 

(1) By the Lymph Vessels. This is ciuitc the most important mode 
of spread in the early stages of tuberculosis, which is primarily a disease 
of the lymphatic system. From the lymph glands earliest involved, in 
the neck, mediastinum or mesentery, the disease spreads first to 
adjacent glands of the same group, and later to glands of other groups. 
Further extension by lymph channels or by apposition leads to the 
infection of other tissues and of viscera. From the mesenteric glands 
extension to the subserous lymph channels may cause tuberculous 
peritonitis. Spread from the abdominal lymph vessels to the thorax is 
sometimes noted, and this may occur along the line of the internal 
mammary vessels. In the thorax the disease may spread from the 
glands at the hilum of the lung to the peribronchial lymph vessels anji 
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to the lung and pleura. In tlife neck the glands oji both sides may be 
infected, and from there the disease may spread to the mediastinum 
or the axilla. 

(2) By the Anatomical Passages. The most striking exam|)le of this 
method of spread is seen in tuber¬ 


culosis of the larynx and of the intes¬ 
tines in phthisical patients, for it is 
generally accepted that these lesions 
are the result of infection from 
eoughed-up and swallowed sputum. 
A similar method of spread is wit¬ 
nessed in the lungs, where bacilli 
gaining access to the lumen of a 
bronchus from an ulcerating lesion 
may be responsible for extension 
elsewhere in the lungs. 

It is said also that infection from 
a tuberculous kidney may be carried 
in the urine to the bladder, and it 
seems more probable that infection 
along the ureter spreads by contiguity 
of tissue rather than within the lumen. 

(3) By the Blood. The blood 
stream is an important channel for 
the spread of tuberculosis to the 
viscera. The bacilli may reach the 
blood stream as a result of ulceration 
of a venule in an infected lymph 
gland or in an tdeerative process in 
the lung or other viscus. 

The visceral manifestations of 
tuberculosis— e.g. in bones and 
joints, kidney, epididymis, etc. 
—are believed to be due to 



dissemination t'id the blood stream. 
It seems probable that ai active 
primary lesion in a gland or in 
the lungs may disperse showers of 
organisms into the blood stream from 
time to time. Many organisms are 
doubtless destroyed, but they may 
take root and lead to single or 
multiple tuberculous foci in the tiss 


Fio. a Tuberculosis ol' tlic epidi¬ 
dymis. B(»th glubus major and 
globus minor arc cidarged and 
contain numerous caseous foci. 
The ductus deferens is thickened 
and nodular. The body of the 
testis is afTected. 

(Mwmm oj Roged CoUfgt nt Surgeont of 
Edinburgh.) 

i in which they lodge. In this 


way may originate a solitary focus in one kidney or a bone or joint. 
If, on the other hand, a large number of blood-borne organisms 
survive, they give rise to multiple foei in many tissues and viscera 


and thus lead to the condition known as acute miliary tuberculosis. 


In rare instances miliary tuberculosis assumes a chronic form and is 
sometimes survived. 


Elimination of Tubercle Bacilli: Tuberculous Badlluria. Tubercle 


40 


TVBERCUL&&t8. 


bacilli may be'^Acreted in tlic urine in ca^es of active tuberculins of 
the lungs, bones and joints, lymph glands, etc. The bacilluria is usually 
symptomlcss, biit there are always pus cells in the urine. The bacilli 
are not eliminated from the kidney by a process of simple filtration from 
the blood, but originate in minute and usually microscopic foci situated 
close to the cortical glomeruli. The small foci in the kidney are uraaUy 
non-progressive and, after a variable time, und«:go fibrosis, but, in a 
few cases, renal tuberculosis may develop at a later date. 

In the same way, tubercle bacilli may be present in small numbers 
in the cerebrospinal fluid without evidence of meningeal origin. They 

originate from small 



overt foci in the 
brain substance. 

Relative Resistance 
of Organs and Tissues 
to Tuberculosis. It is 
a commonplace that 
certain organs and 
tissues are especially 
susceptible to tuber¬ 
culosis, others relatively 
resistant. L)niiph 
glands, the lungs, the 
intestinal tract and 
peritoneum, bones, 
joints and bursae, are 
commonly affected, 
whereas the thyroid, 
heart and skeletal 
muscles are almost 


Fig. 10. Section of a tubercle (low power). In the 
centre there are endothelioid cells and giant cells, 
while above and below there are collections of 
lymphocytes. There is no caseation. 

{Laboratory of Royal College of PhyHcians of Sdinimryh.) 


immune. 

In some organs and 
tissues the resistance 
continues even after 
the disease has estab¬ 


lished itself locally, whereas in others it diminishes once the disease * 


has gained a foothold. The lung shows definite evidence of resistance 
as indicated by fibrosis even when extensively diseased, whereas the 
meninges once involved show no such reaction. The behaviour of the 
kidney is paradoxical, for it may eliminate innumerable bacilli during 
long periods and yet remain relatively unharmed, but when once it 
becomes the seat of tuberculosis it undergoes extensive destruction, 
and rarely heals. Similarly the suprarenal gland is affected seldom, 
but when involved exhibits poor resistance, and its fellow often 


becomes infected alsol 


The Local Lesions of Tuberculosis. The characteristic lesion of 


tuberculosis, i.e., the local reaction of the tissues to the presence of 
tubercle bacilli, is the tubercle or tuberculous follicle. Such a follicle 
consists of endothelioid (epithelioid) cells and lytnphoesrtes, collect in 
^il more or less spheroidal mass around a clump of bacilli. The endothC- 
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lioid cells, which occupy the central p^s of the ytttmg follicle, arc 

oval or spindle shaped cells with famt*staiiiing viuclei and abundant 
clear cytoplasm. They. are believed to be derived from the endo¬ 
thelium of blood and l 3 nnph vessels and from the h,xed connective 
tissue cells'of the part. 

The lymphocytes, which are believed to be derived from 
the proliferation of local peri¬ 
vascular lymph aggregations, 
are generally arranged in a 
more or less circular zone near 
the periphery of the follicle. 

Another constituent of the 
typical tuberculous follicle is 
the giant cell. This is a large 
cell of irregular shape, and 
often ill-defined at its margin. 

It contains numerous small 
oval or rounded nuclei, which 
typically are situated near one 
edge of the cell or are disposed 
in horseshoe formation. Com¬ 
monly one or more such giant 
cells occur in a single follicle, 
and they arc usually situated 
near the margin of the region 
of endothelioid cells. They 
are believed to be derived from 
an endothelioid cell in which 
amitotic division of the nucleus 
has been unaccompanied by 
corresponding cleavage of the 
cytoplasm. They arc regarded 
as foreign-body cells of special 
type, and when present in cellular collections such as have been 
described they are very characteristic of tuberculosis. They are not, 
however, invariably present nor entirely pathognomonic of tuberculosis. 

The above description is that of a tubercle in the earliest stages 
of its development, a tubercle which from its smallness may be described 
as a miliary tubercle. Very soon after its formation, however, the tubercle 
undergoes further changes, and the first and most important of these is 
caseation. This is a form of coagulation necrosis afiecting the endothelioid 
cells near the centre of the tubercle, and it is now generally attributed to 
the action of toxins set free from the bacilli around which the tubercle has 
formed. The endothelioid cells affected in this manner become swollen 
and lose their outline, their nuclei become faint and disappear and 
eventually the cells fuse in a dry, homogeneous mass of ddbris, which 
from its naked-eye resemblance to cheese is known as caseous matter. 

From its inception a tubercle is completely devoid of blood vessels. 
This avascularity is attributable to the action of the bacillary toxin^ 
which effect a necrosis of the capillary walls and an obliteratili||« 



Fig. 11. Section of u tubercle (low power). 
A typical tubercle is seen, with central 
area of caseation surrounded by lympho¬ 
cytes and endothelial cells. iVo giant 
cells are evid<-nt. 

(Departmera of Pathology Vniverndy oj Glasgow) 
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endarteritis in the larger vessels of the surrounding tissues, and"it is 
of special significance in that it tends to prevent the access of organisms 
to the blood stream. 

Further changes in the tubercle depend upon the virulence of the 
disease and upon the reaction of the tissues. If the disease does not 
progress the tubercle becomes surrounded by fibrous tissue and may 
ultimately become almost obliterated in a dense scar. Such “ healed 
tubercles ” are common in the lungs and in lymph glands. Frequently 
they undergo calcification, and arc then recognizable in radiograms. 
Jf, on the other hand, the disease progresses, new tubercles develop 
in adjacent lymph tracts, and by eonlluence they may form foci of 
large size. 

Occasionally, as for examj)le in the meninges or, rarely, in a joint, 
the disease may progress with great rapidity from the onset, and the 
njieroscoi)ic appearance may be that of an acute inflammation, with 
an c'xudate of fibrinous fluid and ars infiltration of polymorph leucocytes 
(acute iuberculosift). Much more commonly, however, the course of 
the disease is slow and tractable, and is marked by a fairly even balance 
between the invading organisms on the one harnl and the resisting 
tissues on the other (chronic Uiherculosis). At the margin of a focus the 
process slowdy extends, its path jiartly barred by fibrous tissue derived 
from the surrounding stroma, wliilsl at the same time llic central zone 
of caseation gradually enlarges, soinelirncs to such an extent that entire 
organs, e.g., the kidmw and the suprarenal gland, become com})lctely 
caseous. 

In certain situal ions, nolably in bones and lymph glands, the caseous 
material is apt to undergo sol'tening, and, by admixture with polyiwn’ph 
leucocytes, to become caseous pus, forming a cold abscess. 

Hypertrophic Tuberculosis. In the ileoca^cal region, in joints, and 
rarely in tin* stomach, the tissue response to tuberculous infection does 
not result in tyjiieal Jblliclcs but takes the fonn of a diffuse overgrowth 
of granulation tissu<‘ and young fibrous tissue, the so-called hypertrophic 
form of tub(“rculosis. Mieroscofiically. caseation is lacking, and giant- 
cell systems are scanty or even absent. In the ilcoeu’cal region this form 
of tuberculosis h^ads to great thickening of the wall of the gut, and 
subseqiK'iitly the contraction of fibrous tissue causes much narrowing 
of the lumen and binds the eteeum, appendix and ascending colon in a 
finn shrunken mass. In joints the synovial membrane is replaced by a 
proliferating mass of gramdation tissue w'hich spreads in the form of a 
pannus over tlie articular cartilage and fills the recesses of the joint. 
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ACTINOMYCOSIS 

Actinomycosis is a disease resulting from infection by the strepto- 
ihrix actinomyces, and the lesions to which it gives rise belong to the 
group of infective granulomata. It affects especially the mouth, 
abdominal organs and lungs, and is characterized by the formation 
of much granulation tissue and by fibrous infiltration and multiple 
abscesses. The disease is common in catth', and is by no means rare 
ic; man. 

“ Pin head ” granules, greenish-grey in colour though sometimes 
bright yellow like grains of sulphur, can usually be found in the 
invaded tissues or in the pus. These granules arc compact colonics 
of the streptothrix, which grows as a mycelium or felted mass of 
branching filaments (lienee the term “ ray fungus ”). Occasionally the 
filaments are fragmented into bacillary or coccal forms, and occasionally 
there are rows of oval or spheri(;al spore-like structures or gonidia. The 
filaments are Gram-positive, and grow' only at about body temperature. 

There are several types of streptothrix actinomyces, but the only type 
responsible for actinomycosis in man is the organism isolated by Israel 
and Wolff. The organism is a non-aeid-fast anaerobic streptotlirix. 
It has been isolated from the tonsils, carious teeth and alimentary 
canal of healthy persons ; and the view is now held that one or 
other of these sites is the source of infection. In actinomycotic lesions 
the streptothrix is often associated with other bacteria, sometimes 
as a gross infection, e.g., with B. coli, but always in conjunction with 
a minute Gram-negative organism— bacillus actinomycetum comitans. 
The associated bacteria are believed to furnish favourable local condi¬ 
tions for the invasion of the streptothrix and its proliferation, probably, 
as has been demonstrated in the case of the tetanus, by reducing the 
oxygen tension m the tissues to a limit which will allow the anaerobic 
spores to germinate. 

Cultivation of the actinomyces from pus is difficult because it is 
frequently contaminated by organisms which, on account of their greater 
viability, outgrow the streptothrix in culture media. The difficulty 
may be overcome by repeated mixing and shaking of the pus in saline : 
the actinomycotic granules sink on standing and may be seeded inde* 
pendently into culture media. The most suitable media are blood agar, 
glucose agar, or serum agar, and cultivation is carried out aerobically 
and anaerobically. The colonies, on agar plates, arc dull white and 
round with filaments radiating into the surrounding medium. 

Methods of Infection and Transmission. The recognition, bacterio- 
logically of different varieties of the streptothrix actinomyces and the 
identification of the type specific for human and animal lesions has 
helped to dispel the uncertainties as to how infection may be acquired. 

The older view of the mode of infection was that actinomycosis was 
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es 3 entially a disease of persons who lived in rural areas, and that they 
acquired it from grain seeds in the same way as cattle. Support for this 
belief seemed to be afforded by the observation that people engaged in 
certain occupations, such as harvesters, dairy workerSj and stable 
attendants, were prone to suffer from the disease ; and that in a number 
of instances there had been a history that infection had followed abra¬ 
sions of the mouth or tongue by grain husks or stalks, etc. But in 
contradiction of this exogenous source of infection there is no authentic 
record of transmission of the disease from man to man or from animal 
to man ; and, furthermore, later evidence indicates that the incidence 
in country is no greater thaji that in town dwellers. The association 
of foreign bodies with the disease has probably been overstressed; and 
now there is eonclusive evidence that the streptothrix may be a normal 
inhabitant of the oral cavity and gastro-intestinal canal of man 
and animals, leading there a saprophytic existence until local tissue 
injury affords an opportunity for the organism to gain a footing. In 
support of the now accepted view of endogenous infection, it is known 
that the actinomyces bovis is a very delicate organism which is not 
found outside the body and grows most readily if furnished with a 
limited supply of oxygen. 

Site of Iiffection. The commonest site of infection in man is the 
mucous membrane of the mouth. The actual mode of infection is 
often doubtful, and it may be imf)ossiblc to trace its source. Sometimes 
infection may be initiated by injury caused by foreign bodies, but there 
is little doubt the frequency of the association of foreign bodies with 
the disease has been exaggerated. 

In some instances the site of infection is the mucous membrane of 
the intestine, or, less often, of the bronchi. In rare cases infection of the 
skin and subcutaneous tissues has followed an abrasion. 

Characters of the Lesion. The affected area is infiltrated by a 
firm fibro-cellular tissue. This may give rise to a hard, lumpy mass 
of chronic inflammatory material of brawny character with ill-defined 
edges, or to multiple smooth nodules of uniformly firm consistence. 
One or more of the nodules may liquefy and discharge their charac¬ 
teristic granular and viscid necrotic contents. Healing of the sinuses 
may oeciu but is unusual while superadded infection persists. 

Mode of Spread. Unlike syphilis and tuberculosis, which it resembles 
in some respects and with which it is sometimes confused, actinomycosis 
spreads directly through the tissues. It does not usually attack the 
lymph glands, probably because the organism is too big to be carried by 
the lymph vessels. The disease begins in the submucous or subcutane¬ 
ous tissues and travels in the fibrous tissue planes of the body. Muscles 
are pushed aside or infiltrated. Invasion of a vein is uncommon, but 
spread by the blood stream may account for metastatic lesions. Death 
in actinomycosis may be due to involvement of vital structures, 
generalized pyaemia, or to amyloid disease. 

ACTINOMYCOSIS AT SPECIAI. SITES 

Almost any organ of the body may be attacked by actinomycosis, 
but there ar^ special sites at wMch it occurs. In over 60% of cases 
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the region of the jaws, tongue, pharynx, and neck is affected; in about 
20% the abdominal viscera ; and in the remainder the thoracic organs. 
Sometimes there are multiple foci in various parts of the body. 

(1) Tongue, Jaw, Pharynx and Neck. A primary lesion in the 
tongue is rare ; it usually begins at the margin of the organ in the form 
of a small deep-seated painless nodule which grows slowly. As the 
nodule approaches the surface the mucous membrane becomes 
stretched, and yellow areas, corresponding to underlying abscesses, 
make their appearance. The condition in cattle known as “ woody 
tongue ” was formerly ascribed to actinomycosis but is due to a specific 
actino-bacillus. 

In man the jaws are the commonest starting point of actinomycosis, 
and the lower jaw is affected much more often than the upper. The 
disease often begins close to the angle of the mandible, and is often 
related to a carious tooth or an abrasion. Trismus may be an early 
sign. The lesion involves the soft tissues surrounding the jaws, 
and the bone, protected by ita periosteum, is not usually attacked 
directly, but the indurated tissues may be so fixed to the bone that an 
osseous origin of the disease may be suspected. The affected parts are 
firm and tough, diffusely swollen at first, and nodulated later. The 
disease spreads to the cheek and parotid gland and to the areolar tissues 
of the neck, in which it extends rapidly. In the neck, unless they are 
deep seated, the lesions can be felt as firm nodules and the skin over 
them is often livid and puckered. As the nodules increase in size they 
soften to the degree of fluctuation and finally rupture, discharging sero- 
•purulent fluid and greyish or yellow masses containing the ray futigus, 
and leading to the formation of sinuses, which may intercommunicate. 
The skin, usually infiltrated and board-like, varies in colour from 
pinkish-red to dusky-blue. The lymph glands are not involved unless 
there is a superadded infection. 

From the neck the disease may extend to the mediastinum or to the 
vertebral column and the meninges. When the upper jaw is involved 
the disease may spread to the orbit or base of the skull and even to the 
brain. 

(2) Thoracic Organs. Actinomycotic infection of the lungs is 
sometimes primary, but it is due most frequently to extension either 
from the mouth, pharynx, and neck, or from the abdomen. In both 
instances extension is by direct spread. 

In a few cases primary pulmonary actinomycosis may be caused by 
direct aspiration of infective material from the upper respiratory tract; 
and metastatic lesions through the blood stream are said to occur. 

The pathological appearances vary greatly, and three main types 
of lesion, which represent different stages of the process, are described. 
(1) The bronchitic, in which the infection is confined mainly to the 
large bronchi. (2) The pneuntonic, in which the process spreads from 
the bronchi to the alveoli, which become filled with pus. (3) The 
pleuro-pneumonic in which the abscesses have burrowed to the pleural 
surface and produced empyema. Often a considerable attempt at 
healing by fibrous tissue is evident, so that hard, fibrous nodules alternate 
with typical softer lesions or abscesses. The chest wall is often involved, 
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and discharging sinuses may result. The brain may be involved by 
metastasis through the blood stream. 

(8) Abdominal Organs. Primary abdominal actinomycosis accounts 
for about 20% of all cases. The ilcocajcal region and the liver are most 
frequently attaeked, less often the pelvic colon, and rarely the duodenum 
and the gall bladder. 

The commonest starling point for actinomycosis is the ileoca’cal 
region, due to sudden or gradual escape of infection from a diseased 
appendix. 

The disease is usually insidious in onset and chronic in course. 
It may become very widespread, and involve many of the abdominal 
organs by extension in the retroperitoneal tissues. It may extend 
even into the thigh, and may involve the Jiip joint. 

In a few cases abdominal aetinomyeosis has a sudden onset and 
may simulate appendicitis. At f>peration the appendix may be found 
to be involved in a mass of granulation tissue. When suppura> 
tion is present an indolent sinus may persist after operation, and 
becomt! surrounded by vascular granulations and miliary abscesses. 
Sometimes at operation there is no palpable or visible mass, and the 
appendix appears healthy, and it is only subsequently, when the disease 
becomes more advanced and breaks through the wound, that its nature 
becomes obvious. 

The liver is a fairly common site for actinomycosis. The lesion is 
sometimes a jirimary one, but more often is secondary to actinomycosis 
from the ilcoca’cal region or even from the lung. In eases in which no 
primary lesion is found in the intestine it is probable that the organism 
has reached a tributary of the portal vein through a small abrasion, 
or that the pj-inmry aetiuoniyeotie ulcer was small and has healed. 
The right lobe is the common site. It becomes enlarged and acquires 
adhesions with neighl)ouring structures. When cut the alTectcd 
part has a very characteristic honeycomb appearance, probably 
due to eoalcsecnec of a grouj) of abscesses ; their contents hav«! a rather 
bright yellow colour. Secondary infection of an actinomycotic abscess 
by pyogenic organisms is not unusual. Sjualler abscesses may be 
presemt a short dislanc*c from the main one. 

Aetinomyeosis ol' the li\er may (jcnetrate the diajihragm and 
infect the pleura and lung, or it may involve the abdominal wall, giving 
the skin a characteristic board-like hardness. 
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HYDATID DISEASE 

Hydatid disease in man is caused by tlu‘ Echino^'orriia granulosus. 
This is a cestodc wliieli normally completes its eyeh' of dcvelo|)m(Mit 
in two hosts. In the (kfinitive host--the do^—-it takes the form of an 
intestinal tapeworm, the taenia echinococcus. This is a small worm, 
8-6 mm. long, consisting of four segments (Fig. 12). Ova set free from 
its terminal segment arc evacuated in the Iseccs. 

In the intermediate host —generally the sheep, less often the ox or 
pig—the ova derived from food contaminated by canine Oeces penetrate 
the intestinal tract anti are earricfl to the liver, where Iht'v lead to the 




Fio. 12. 

(a) Echinococcm granulosus. Note the t)vsi in the ilistal soginent. 

{b) Head of Echinococcus granulosus showing suckers and booklets. 

formation of a hydatid cyst. Less often, secondary hydatid cysts may 
arise in the lungs or other sites. 

Man, like the sheep, acts as an intermediate host. Probably in most 
cases the infestation is acquired in childhotMl as a result of contact 
with an infested dog. 

Geographical Distribution. The disease occurs in all countries; 
but it is found with greatest frequency in those in which sheep are 
pastured in large numbers, because these animals act as the intermediate 
hosts for the parasite. On this account Australia, New Zealand, the 
Argentine, and South Africa, which are the great sheep-raising centres 
of the world, show the highest incidence of the disease. In the State 
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of Victoria in Australia it has been estimated by Dew that 1 per 800 
hospital admissions is on account of hydatid disease. In Europe, 
hydatid disease is rare, although there arc a few countries, such as 
Denmark, Northern Italy, Bulgaria, and Iceland, where the disease 
has a relatively high incidence. In the British Isles only isolated cases 
occur, and niost of them are in Orkxiey and Shetland. 

Development of the Hydatid Cyst. The embryo usually lies in one 
of the liver lobules, where its jxresence sets up a very active cellular 
reaction. An infiltration of the tissues with lymphocytes and endo- 



Fig. la. Diagram of a fully developed unilocular hydatid cyst, a, 
.idveiititia or cctocyst; {», laminated membrane; r, germinal layer; 
d, brood capsule with seoliccs. (Modiiicd from Dcw’.) 

thelial cells as well as with erythrocytes ocevu-s, and the specific response 
to the helminthic toxin is evidenced by eosinophilia. 

About fourteen days after implantation the parasite assumes a 
vesicular form, and at this stage four zones may be observed; in the 
centre is the vesicular embryo, surrounded by a layer of endothelial 
cells, around which are concentrically arranged fibroblasts, and, at the 
periphery, a few layers of degenerated liver cells. By the fourth week 
the cyst is quite recognizable by the naked eye, and by the third month 
it may be several centimetres in diameter. 

Structure of the Mature Cyst The fully developed cyst is lined 
by a membrane, variously known as the endocyst, granulart. 
parenchymatous^ or germinal layers composed of small nucleated masses 
embedded in granular protoplasm, from the inner as^ct of which 
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project the brood capsules and scolices (see below). The lining membrane 
is very loosely attached to the subjacent laminated layer, which is firm 
and seiVes to protect tlie delicate germinal layer and its developing 
scolices. -The laminated membrane is very impervious to noxious 
agents. The outer coat or eetocyst is an ad^'entitious capsule formed 
from the tissues around the cyst, and is, therefore, not an integral 
part of the parasite. It is composed of fibrous tissue and varies givatly 
in thickness. There is a definite line of cleavage between the laminated 
layer and the adventitious capsule. 

In the interior of the cyst is the characteristic hydatid fluid, clear, 
and opalescent with an alkaline reaction. It acts as a nutrient 
medium for the developing scolices. 

Brood capsules develop from the germinal layer and appear as 
small vesicles attached loosely to its inner surface. Scolices develop on 
the surface of the brood capsule at several points by a process of evagina- 
tion and cupping of the proliferating capsule. A typical scolex is 
attached to the brood capsule by a fine stalk and swings freely within 
the capsule. The mature scolcx has the typical shape of the head of 
the mature worm and the same arrangement of booklets, which have a 
retractile mechanism to protect them from contact with their neighbours. 

A daughter cyst is a replica of the mother or primary cyst within 
which it occurs. It generally develops when the vitality of the mother 
cyst is endangered, and thus represents a defensive mechanism for the 
larval cestode. Daughter-cyst formation may follow injury, infection, 
or the entry of noxious fluids into the cyst; but is rarely observed in 
childhood, or in cysts in such sheltered sites as the brain and bones. 


PATHOLOGICAL FEATURES OF HYDATID CYSTS 

Hydatid cysts have been observed in almost every organ of the 
body, but the majority, as mentioned above, occur in tlie liver or 
lungs. 

The rate of growth of a cyst is very variable and depends on the 
tissue in whicii the cyst occurs. In soft vascular organs like the lung, 
spleen and brain, cysts grow rapidly compared with cysts within the 
bones. The parasite may retain its vitality for as long as 40 years, or 
it may die. spontaneously or as a result of rupture or infection of the 
cyst. In the early stages of its growth it usually gives rise to eosino- 
philia, and this may recur if rupture, leakage or infection of the cyst 
takes place. If the parasite dies the cyst wfdl may become calcified and 
the contents pultaceous {aiheromatous cyst). 

As the fluid of a hydatid cyst is under considerable pressure, the 
cyst remains spherical, and tends to grow in the lines of least resistance. 
Thus a cyst of the liver may become pedunculated, or may bulge into 
the retroperitoneal tissues. 

As a hydatid cyst grows but slowly, pressure effects may be long 
deferred, for the affected structures have sufiicient time to accommodate • 
themselves. In the liver the costal margin may bulge, or the bile ducts 
may be occluded. In the brain, signs of increased intracranial pressure 
may become evident. 
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In operations upon hydatid cysts, advantage is taken of the lack of 
cohesion between the laminated layer and the adventitious capsule to 
enucleate the cyst. To eliminate tlie risk of disseminating the disease, 
the contents of the cyst are usually destroyed by injection of* formalin. 
Excision of the cyst is unnecessary, although removal may conveniently 
be carried out if the cyst be pedunculated. 

Hydatid Anaphylaxis. Ilupture or leakage of a hydatid cyst may 
occur s 2 )ontaneously or as a result of puncture or other surgical 
interference. After rupture, especially if the patient has previously 
been sensitized by minor leakage from the cyst, anaphylactic 
phenomena, mild or severe, may occur. For this reason exploratory 
puncture of a <*yst is a particularly injudicious practice. 

The anaphylactic phenomena vary from pruritus and urticaria or a 
feeling of constriction in the chest, to serious symjitoms such as convul¬ 
sions, pulmonary oedema or syncope. General amesthesia mitigates the 
effects of anajiliylaxis, but their manifestations may be delayed until 
after recovery from tlic amesthetje. The sensitization resulting from 
rcpeat(‘d absorjjtion of jirotcin from hydatid fluid is utilized for two 
diagnostic measures, the complement-fixation test and the intradermal 
reaction (of Casoni). 

HYDATID CYSTS IN SPECIAL SITES 

(1) Liver. As the ova. of the taenia ecJiinocoecus arc conveyed by 
the jiortal circulation it is not surprising that at least 75% of all 
liydatid cysts affect the liver, and when hydatids are present in other 
organs, such as the lungs, the liver is affected in about 50% of cases. 
This is a consideration of great im])ortance in prognosis and treatment. 

In the liver hydatid cysts tend to develop in young subjects, though 
they often remain latent. The right lobe is more commonly affected 
than the left in the proportion of about 4 :1, and when the cysts grow 
to large size the unaffected lobe usually shows considerable compensatory 
hypertrophy. Cysts lU'ar the peritoneal surface of the liver tend to 
spread towards the abdominal cavity, those originating near the free 
border of the liver may become pedunculated. At the superior surface 
of the liver the cyst may cause elevation of the diajdiragm, a feature 
recognizable by radioscop 5 \ A cyst occasionally originates at the 
bare area of the liver, and may then extend into the retroperitoneal 
tissues. 

In adults, daughter (lysts arc jiresent in fully 1)0% of cases as a 
result of irritation eausc'd by the entry of bile from the liner bile du(‘ts 
in relation to its walls. 

The majority of hydatid cysts in the liver remain latent. Ultimately 
the parasite dies and the cyst wall undergoes calcification. In a small 
proportion of cases complications occur, of which the chief are (a) suppu¬ 
ration, and (fe) ru})turc. 

(a) In a uni vesicular cyst the laminated layer is impermeable to 
organisms, therefore suppuration only occurs after communication with 
the bile passages. The common infecting organisms are bacillus coli, 
streptococci, and staphylococci, but sometimes gas-producing organisms 
are present. 
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(b) The cyst may ruplihre into the biliary passages, the peritoneum, 
the pleura and lung, or rarely into an abdominal viseus. 

If the cyst ruptures into the biliary passages, obstructive jaundice 
may result, or daughter cysts may be discliargcd and may be 
discovered in the stools. Rupture into the peritoneal cavity may give 
rise to severe anaphylaxis, and later to the development of multiple 



Fjo. 1 i. Hydatid c‘yst, of the kidney causing iiydroncphrcsis. 

{Mvarum of Royal College of Swgeona of Edinburgh.) 

daughter cysts. In some cases the rupture leads to extravasation of 
bile and to an early fatal issue. 

Rupture into the thoracic cavity is usually a complication of 
suppuration of a large e>st, especially one situated in the iippcT j>art 
of the liver, on the right side. Km])yema is the natural result, but 
sometimes rupture occurs directly into the lung which has become 
adherent to the suppurating cyst. As a result the contents of the cyst 
may be expelled into a bronchus. 

Rupture of a hydatid cyst into the stomach, the small intestine. 
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and the colon has been recorded. Such complications are rare and[ are 
usually sequelae of suppuration. 

(2) Lungs. After the liver, the lungs are the commonest site of 
echinococcal cysts, and the possibility that a pulmonary and a hepatic 
iyst may coexist should not be overlooked. The usual route by which 
the parasite reaches the lungs is by the blood stream viA the liver. 

The right lung is affected twice as often as the left, and the lower 
lobe is the common site. As a rule the cyst arises near the surface of 
the lung (peripheral cyst), much less often near the hilum (para- 
bronchial cyst). Occasionally the cysts are multiple. 

The lung tissue is non-resistant and therefore pulmonary cysts 
grow relatively quickly and daughter cysts are not present until a late 
stage. The laminated membrane and the adventitious capsule are 
usually very thin, especially while the cyst is univesicular and uncom¬ 
plicated. Brood capsules with scolices are almost always present. 

A peripheral cyst is usually attached to the parietal pleura by light 
adhesion, which following infection may become firm and widespread. 
A pulmonary cyst may rupture into a bronchus or into the pleural cavity, 
or it may become infected and lead to abscess formation in the lung or 
to pyopneumothorax. Rupture into a bronchus is a common event, 
and albuminous fluid, or the membrane of daughter cysts, may be 
expectorated, and natural cure may follow. 

(8) Brain. Hydatid cysts in the brain are rare. The cyst is 
single and unilocular; it is seldom larger than a hen’s egg and its 
adventitious capsule is very thin. Any part of the brain may be 
affected, but the commonest site is one of the cerebral hemispheres 
superficially. The cerebellum is rarely involved. In children the skull 
bones may bulge over the surface of the cyst, but in adults they are 
more rigid and merely show thinning at the point of contact of the 
cyst. The cyst may deform, and finally rupture into the ventricles of 
the brain. 

In the brain a hydatid cyst grows very slowly, and is therefore for 
long symptomless. The effects produced by the cyst vary according to 
its situation and are similar to those caused by beuigu Luniour. A 
single cyst is readily amenable to surgical removal. 

(4) Kidney. Even in places where hydatid disease is common, 
renal hydatid cysts are rare, and when they occur seldom produce very 
definite signs. They may reach an enormous size withoTit producing 
any important complication. Occasionally the cyst ruptures into the 
renal pelvis and may then become infected. Hydatid membrane, or 
even daughter cysts, may be passed in the urine, with symptoms of 
ureteral colic or urethral obstruction. 

(5) Bone. This is one of the rarest sites for hydatid disease. The 
bones which have been most often attacked are the humerus, the femur, 
the vertebrae, the tibia, and the innominate bone. As hydatids in bone 
grow very slowly, they are usually recognized only in adults. 

The signs and symptoms of hydatid disease are modified on account 
of the resistant nature of bone which inhibits actual cyst formation, 
and results iri solid masses of hyaline materied, like grains of boiled sago. 

At the seat of disease the affected bone is expanded in a globular 
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or fusiform fashion. The osseous tissue slowly disappears, and is 
replaced by hydatid elements. So slow is this process that none of 
the a>nditions for reformation of bone is provoked. 

The outstanding feature of hydatid cysts in bone is tlicir extreme 
latency.* In situations like the femur or hmnerus, spontaneous fracture 
is often the first indication of the affection. Sucli pathological fracture 
is a grave complication, not so much on account of the improbability 
of union, but because it leads to dissemination of the disease in the soft 
tissues. Radiographically, hydatid disease in bone may be almost 
indistinguishable from osteitis fibrosa. 
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TUMOURS 

Tumoue formation, its nature and causes, its relationship to other 
diseases, its prevention, control and treatment, arc problems of great 
perplexity, which have in turn attracted and baffled all who have 
studied them. The problem of new growth holds many disappointments 
for those who attempt to probe its mysteries, and many forsake it for 
more promising Acids of study, but nevertheless it remains one of the 
most fascinating subjects in the whole realm of pathology. 

Powell White has defined a tumour as “ a mass of cells, tissues or 
organs, resembling those normally present in the body, but arranged 
atypically, which grow at the expense of the organism, without, at the 
same time, subserving any useful purpose therein.” The most striking 
attribute of all tiunours is their complete autonomy. A tumour is 
derived from the cells of the body in which it grows ; it is as much an 
integral portion of the body as the liver or kidney or any other organ, 
yet it recognizes no laws except its own, proceeds indejiendently, and 
often encompasses the destruction of its host.. 

The autonomy t)f a tumour is clearly demonstrated by the manner 
in which it exacts nourishment regardless of the state of nutrition of 
the victim. It is like a mutinous army devastating its own country, 
for, howev(;r impoverislu'tl tht‘ host beciomc's, the tumour continues to 
nourish. 

One of the few favourable features of even the most malignant 
tumours is their local origin, and it is upon this that the whole treatment 
of cancer by surgery is founded. It is probably not true that a tumour 
always starts from a single atavistic cell—in the breast, for instance, 
the origin is probably mullieentric—^bul, ncveithelcss it is correct to 
assume that in the majf)rity of eases a tumour at its inception is localized. 
Simple tumours remain localized indeAnitely, and many malignant 
tumours remain so for a period measured in months or years. A few, 
however, such as certain types of melanoma, spread rapidly to other 
parts, so that secondary nodules may appear even before the primary 
growth is recognized.! In other cases, multiple primary malignant 
growths may appear, simultaneously or in succession. They may occur 
in different parts of the same organ, in paired organs, or in different 
parts of the body. 

SIMPLE AND MALIGNANT TUMOURS 

Between typical simple and malignant tumours there is little in 
common except their autonomy, and the distinction, can usually be 
made with ease on either clinical or pathological examination. Other 
Jpmours, however, possess some of the features of both classes, and are 
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not'easily assigned to one or other, whilst yet other tumours change their 
nature in the course of years, and, after a period of simple growth, 
undergo malignant change. 

The distinction between simple and malignant tumours is con¬ 
sequently not always possible, but in general it (*iin usually be settled by 
the following criteria :— 

(1) A simple tumour usually attains a limitation of growth, and 
after reaching a certain size ceases to pi-ogrcss or at least {)rogr<'S.ses 
more slowly. A malignant tumour, on the other hand, grows 
continuously, and, even when it has impoverislu'd its host and s<mre<; 
of nutrition, it still retains the j)otentiality for further proliferation if 
adequately nourished. 

Illimitable growth is seen in malignant mouse tumours which, if 
suitably transplanted from animal to animal, continue to live and grow 
long after their first host is dead. Jensen's mouse tumour arose 



Fic. 15. IVririinnlieular libro-adenoma of the breast, removed from a 
woman njG;ed twenty-eijrht years. The tiuiionr ba<l grown slowly during 
several years. It is uon-malignant. and is surrounded by a well- 
defined capsule of condensed fibrous tissue. 

{Dfparlmetil of Surgery, Unirenify of JSilinl'urgh.) 

spontaneously in a white mouse in the year lUOO, has since been conveyed 
from mouse to mouse in many laboratories throughout the world, has 
produced during that time innumerable large tumours which together 
must be many million times the weight of the original mouse, and thirty 
years later (ten limes the mouse’s span of life) was still growing actively. 

(2) Usually a malignant tumour grows rapidly, a simple one slowly. 
To this, however, there are many exceptions ; some simple tumours 
grow more quickly than cancers, and few malignant ones grow more 
quickly than that most innocent of “ tumours,” the foetus, 

(3) Malignant tumours invade and destroy neighbouring tissues and 
possess no effective capsule : simple tumours merely expand, and 
consequently are sometimes eneapsuled. The glioma, however, has no 
capsule, though in the pathological sense it may be non-malignant, and 
there are other exceptions to this general rule. 

(4) Malignant tumours readily ulcerate upon free surfaces, by 
invading the surface membrane ancT"interrupting its blood supply: 
simple growths rarely ulcerate unless they undergo necrosis or 
suppuration. 
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(5) Malignant tumours tend sooner or later to disseminate and 
form metastases, and unless treated early and radically they almost 
invariably kill: simple tumours rarely cause fatality unless they inter¬ 
fere with the function of vital organs. 

Microscopic Appearance. Microscopically, the nature and degree 
of malignancy of a tumour may be judged on three distinct criteria : 
Wl) the relation of the tumour to its environment, (2) the structure of 
*the tumour, and (8) the appearance of its cells. In general, the first 
criterion is most val^ble, and for this reason it is^mportant to examine 
the growing marginjrather than the central parts. The most obvious 
evidence at the growing margin is the presence or absence of invasion 
of surrounding tissues, for with few exceptions malignant growths 
invade, simple ones do not. 

In regard to internal structure of tumours, the striking feature is 
that simple tumours tend to repeat with some degree of accuracy the 



Fio. 16. Scirrhous carcinoma of the breast. The tumour possesses no 
capsule and has infiltrated the tissues of the breast. The nipple is 
deeply retracted. 

{DepartmetU of Surgery, UnivertUy of Edinburgh.) 


pattern of the tissue from which they are derived, whereas /malignant 
tumours reproduce the tissue very imperfectly or not at all. 

The appearance of the individual cell of a pimple tumour may be 
hardly distinguishable from the normal, but in typical malignant 
growths the cells have several strikingly abnormal features. In general, 
the malignant cell may be said to possess anaplastic characters and to 
approximate to an embryonic type. The principal function of an adult 
cell is to work, that of the embryonic cell is to multiply, and the more 
malignant the cell the more does it develop the latter fimction at the 
expense of the former. Typically, a malignant cell is la^er than its 
prototype, is of ir reg ular shape, and stains more deeply. l^Ee nucleus, 
which is a reliable guide to the state of activity of the cell, is 
-hj^erchromatic, and often of vesicular appearance. Mitotic figures are 
common in rapidly growing tumours, and often the mitosis is of irregular 
pattern. Sometimes there is a large densely staining spot quite distinct 
from the nucleus, the so-called “ bill’s eye spot.” These spots have 
often been regarded as parasitic inclusions, but they are probably due to 
multiplication of the centrosomes in irregular cell-division. Another 



GRADES or MALIGNANCY 


57 


index of rapid growth is the presence of “ tumour giant cells,” 
which must not be confused with other types of giant cell, such 
as occur in specific forms of tumour or around foreign bodies {see 
Fig. 71). 


GRADES OF MALIGNANCY 

Attempts have been made to assess and grade the degree of 
malignancy of tumours according to their cytological pattern. Such 
an index of malignancy was formulated by Broders and was at one time 
adopted freely in America. 



Fia. 17. Squamous-cell carcinoma (epithelioma) of the tongue. X 70. The 
cells are highly differentiated, and some are keratinized and liave given 
rise to cell‘nest formation. This tumour would correspond to type 1 
of Broders* classification. Note the lymphocyte infiltration near the 
lower margin of the section, a common feature in lingual carcinoma. 

This method differs from most others in that i|f^rfelies entirely upon 
the microscopic appearance of individual cells of & tumour, and upon 
the degree of “ de-differentiation ” or reversion to the embryonic type 
displays^; T’our grades of malignancy are recognized. If 76% or more 
of the ccHs are highly differentiated, the tumour is assigned to Group 1, 
the group of lowest malignancy. Group 2 contains those tumours 
with 50% to 75% of the cells differentiated, Group 8 with 25% to 50%. 
In Group 4 are those tumours in which the majority of the cells are 
“ de-differentiated,” and consequently includes the most malignant 
types. 

Broders’ method appears to be helpful when applied to such 
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growths as squamous-ccll carcinoma of the skin, tongue and lip, and 
should not be regarded as generally applicable to all tumours. In 
assessing the malignancy of a tumour there are, of course, many other 
factors to be taken into account besides its histological grading. Such 



Fig. 18. Sfjiiamous epithclionui of invasive type without kenitinization 
or cell nest formation, 'fhis tumour would eorresi)on(l to type 4 of 
Broders’ classilieution. 

(Department of I'utholog!/, Umversitp of Olangow.) 


features as the size and extent of the tumour, its position in relation to 
lymph drainage, its accessibility for surgical eradication, and its radio¬ 
sensitivity, may all have to be considered. 


SPREAD OF MALIGNANT TUMOURS 

Since the object of surgical operation in malignant disease is to 
extirpate all invaded tissues, the study of all the possible routes by 
which tumours spread is of immense practical importance. Indeed, the 
influence of such considerations upon tlu* scope of the operative treat¬ 
ment is manifest in every region of the body. 

A sarcoma differs from carcinoma in its method of extension. 
It infiltrates locally in much the same way, but sarcoma shows a 
great tendency to early dissemination by the blood stream; whereas 
carcinoma spreads first and principally along the lymph channels, and 
gives rise to blood-bome metastatic deposits at a relatively late stage 
or not at all. 

The spread of carcinoma, which is of greater surgical importance 
than sarcoma, will be considered in more detail. Carcinoma may 
spread in the following ways :— 

(1) Invasion of adjacent tissues. 

(2) Permeation and embolism in lymph channels. 

(8) Embolism by the blood stream. 

(4) Implantation of free cells. 
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(1) Invasion. Direct invasion of surrounding tissues is always the 
first mode of spread. Indeed, it is often difficult to assume that a tumour 
is malignant until it invades. 

As the tumour invades it destroys the surrounding healthy tissues, 
probably in virtue of enzymes from the malignant cells. 

A tumour docs not invade uniformly, but its invasion is influenced 
to some extcujt by the disposition of fascial planes and other barriers. 
It seems that the invading cells ta.kc the paths of h'ast resistance, and 
(' any tough membrane, especially if avascular, exerts a restraining 
irjfluenee. . Tlie pylorus forms a most remarkable barrier to the spread 
of tumours, and is rarely transgressed even by the most malignant 
gastric carcinoma. 

Carcinoma, like sarcoma, extends principally in connective tissues. 
But carcinoma may invade epitlu'lial slruetun*s such as the skin and 
rnucoTis membranes. For this reason a carcinoma, if superficial, 
commonly ulcerates cai’ly. 

(2) Extension by Lymph Vessels. Exttmsion by lymph vessels 
often occurs early in carcinoma, and it provides the great obstacle to 
eradication of the disease by operation. There arc two ])ossible inodes 
of spread within the lymph vascular systtmi; (a) by permeation, 
(&) by embolism. 

Sampson Handley has vigorously sponsored tlu' tluniry of permea¬ 
tion. According to him, the tumour, having once gained access to the 
lymph vessels, grows centrifugally in all directions in the form of 
advancing columns of cells, whi(‘h permeate further and furtlier from 
the primary growth. As tlic malignant cells at the head of each 
advancing column divide and progress the cells further back become 
obliterated by a fibrous pen-lymphangitis. Consequently a centrifugal 
zone of spread, a “ malignant ring-wonn,” results, which increases 
progressively and reaches more distant parts of the body.*. At 
intervals some of the cells of this ammlar zone grow more 
actively and fomv visible metastases. Hence, in su<!h a region as 
the breast, the earliest metastases usually lie close to the primary 
tumour, whereas those formed later lie at progressively greater 
distances. 

In support of this view Sampson Handley has put forward many 
interesting observations, most of which relate to cancer of the breast, 
and are considered more fully in tlic chapter on that subject. The 
theory has not yet, however, received complete acceptance. Most 
authorities agree tliat spread by permeation does occur, but few are 
prepared to attribute to this process the predominant role that Handley 
claims for it. 

Of the second^roegss of lymph spread, cell embolism, there is no 
doubt. Smalf^oups of cells set free in the lymph vessels are carried 
by the gentle lymph current to neighbouring glands, where they are 
arrested in the subcapsular sinuses. By such a process glands com¬ 
paratively remote from the primary tumour may be involved at an 
early stage, and successful operation thus precluded. ( Conversely, 
carcinoma arising in tissues of which the lymph drainage is impaired 
* by previous lymphangitis does not metastasize for months or even for 
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years. )(?jLupus carcinoma, for example, rarely metastasizes untif the 
primary growth has extended , beyond the area of lupus and has thus 
reached patent lymph channel^ 

(8) Dissemination by the Blood Stream. This usually occurs late in 
carcinoma, although there are exceptions. The lateness is partly^Hue to 
the fact thal(^in carcinoma the blood vessels are well developed and are 
not easily invaded by tumour ceils, and partly to the fact that 
carcinoma cells which have reached the blood stream and have been 
deported to distant sites do not necessarily survive^, Schmidt has 
shown that the lungs may contain many cancerous embbli, which have 
failed to engraft, and instead lie buried in fibrous capsules inside 
occluded blood vessels. 

Blood-borne metastases show a remarkable affinity for certain organs 
or tissues. The lun gs , liwr, l^ain and bone s are commonly affected, 
whereas the musd^, Heart and spleen are almost exempt. Some 
tumours cogamonly give rise to metastases in the liver and lungs; 
others, e.g.( (tumours of the breast, the kidney and the prostate, often 
metastasize ~'to bones;^/ These facts clearly indicate that the tissues 
differ in their susceptibility to cancerous invasion. 

Malignant emboli from almost any part of the body are first arrested 
in the capillaries of either the liver or the lungs, and consequently the first 
blood-bome metastases are visually in these organs. Occasionally, 
however, metastases arise in other regions without the lungs or the 
liver being obviously involved. According to Schmidt, malignant cells 
held up in the lungs, though vmable to form pulmonary metastases, may 
proliferate along the pulmonary capillaries and reach the venules, and 
so may escape into the systemic circulation. 

(4) Implantation of Free Cells. This mode of dissemination is seen 
most clearly in the peritoneal cavity. Cells from a tvunour of the 
stomach, colon or other viscus may be set free and engraft on other 
parts of the peritoneum. The ovaries are commonly involved in second¬ 
ary ^owths by this method (see p. 709). Lnplantation of free cells is 
believed to play a part in the spread of tumours in the renal pelvis, 
the ureter and the bladder. A papilloma of the bladder commonly gives 
rise to companion growths in this way, and a papilloma of the renal 
pelvis may lead to secondary masses in both the meter and the 
bladder. 

Another instance of implantation of free malignant cells is that 
which occurs at operation. It is especially apt to result from incision 
of a tumoiu:, as at biopsy, but it may occur whenever incomplete 
removal is carried out. There is no doubt that malignant cells are set 
free in a considerable proportion of incomplete operations, but actual 
implantation and growth is comparatively uncommon. “ Recurrence ” 
of carcinoma more often takes the form of a distant metastasis than of a 
secondary nodule at the site of operation. 

INCIDENCE OF TUMOURS 

Age Incidence. The varying age incidence of different tumours 
and of tumours in different regions is, of coqrse, 'we|j[;j^6cogmzed. A 
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sarcoma u^ally aHses in adolescence or in early adult life, carcmomata 
at'ir^tCT age, though to this generalization there are many exceptions. 
The tendency to carcinoma becomes evident after the age of forty 
years and increases with advancing years ; it is greatest in o^ld age, but 
owing to the lower figures of total population in later decades most 
cases of cancer occur before the age of sixty years. Tumours in different 
sites show astonishing age variations: ^adrenal neurocytoma pecurs 
characteristically in infancy^'; cerebellar glioma in childhood, Vbone 
sarcoma between the ages of fifteen and twenty-five years; post-cricoid 
cancer in the thirties, cancer of the prostate in old age 1' ahd the list 
could be multiplied time and again. In many eases, as in tumours of 
such organs as the breast, prostate and ovary, the reason is possibly to 
be found in the cycles of functional activity of the part; in other cases 
no explanation is yet apparent. 

Sex Incidence. There are some noteworthy features concerning 
the sex incidence of tumours. Cancer of the breast and uterus have, of 
course, no counterpart in males, atid for the greater part are related to 
the sexual functions or malfunctions of these organs, but the sex 
incidence of tumours varies in other parts of the body not eonneeted 
with reproduction. Such sex divergences are common in the upper 
alimentary tract. Post-cricoid cancer is found in women—compara¬ 
tively young women—in 90% of cases. Cancer of the lower part of the 
(esophagus occurs principally in middle-aged or elderly men, as does 
cancer of the stomach. In some regions the sex incidence can be 
explained by the habits of one sex or the other, as in most occupational 
cancers, and in cancers of the oral cavity,which are sometimes associated 
with pipe-smoking and with syphilis; but in other regions no pre¬ 
disposing factors can be found. 

There are some interesting statistical features in relation to cancer 
of the breast, the uterus and the ovary. Cancer of the neck of the uterus 
usually occurs in parous women, but, as Deelman and others have 
shown, it is little more common in multipart than uniparse. It would 
seem that the first confinement alone is responsible for the su.sceptibility 
to malignant change, and there is much evidence to show that the 
most importaxit of these factors are laceration of the cervix during 
deUvery and resulting cervical catarrh. 

M Cancers of the breast and the ovary, on the other hand, are common 
in^ulliparous womens Possibly this is because they depend on some 
malfunction arising from lack of full physiological stimuli. 

Racial Incidence. The racial incidence of cancer has not yet been 
investigated upon a statistical basis sufficiently complete for definite 
conclusions, but there is at least evidence that cancer is known through¬ 
out the world and is common in every race. From time to time cancer 
is attributed to the influence of civilization, to desertion of the “ natural 
mode of life,” and even to specific habits thought to be limited to civilized 
peoples, but, in general, each of these views is without scientific cor¬ 
roboration. , ^ 

Curious differences do exist, however, in the racial incidWee of 
certain forms of cancer. This has been most clearly established for 
Holland and Greifii^Britain. It is found that m Holland the incidence of 
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cancer of the breast is mucJi lower than in Great Britain, but as though 
to compensate for this the Dutch women are more liable to growths in 
the alimentary tract. Statisticians are at a loss to account for these 
divergences in the absence of such factors as variations in diagnostic 
efficiency or differences in methods of compilation. As Greenwood 
points out, it will be interesting to note if similar differences obtain in 
various nationais living under comparable conditions in such a country 
as the United States of America. 


ALLEGED INCREASE OF CANCER 

It is undisputed that in raf>st civilized countries during the past 
half-ccntury there has been a great increase in the recorded number of 
deaths from cancer, but in spite of this there is no {‘omplete proof that 
cancer in general is on the increase. There are many obvious fallacies 
in drawing conclusions from the simple death rate, and of these the 
most important is that which arises from the ageing of the population 
due to improvemcnia in public health and in the treatment of other 
diseases. The general population contains a far larger proportion of 
persons over forty years of age than it did a few decades ago, and tlic 
frequency of cancer is correspondingly grc'ater. 

In addition, there have been great improvements in the diagnosis 
and the recognition of cancer. Radiography, cystoscopy, and other 
diagnostic methods, together with a readier recourse to exploratory 
operation, have revealed many unsuspected new-growths ; and routine 
microscopic examination has shown tliat many apparently simple 
lesions, e.g., in the juostate or ovary, are actually neoplastic. 

If allowance is made for ageing of the population it is found that 
the greater part of the alleged increase of cancer is referable to growths 
in inaccessible regions, whereas cancer of the skin, the mouth, and tlic 
neck of the uterus show little increase in frequency. For these and 
other reasons the balance of informed opinion inclines to the view that 
cancer in general has suffered no disproportiimatc increase. Exceptions, 
are, however, to be found in isolated types of cancer. Dunlop has shown 
that in Scotland there has been an absolute increase in the death rate 
from cancer of the breast, and since in death from this disease the 
cause can hardly fail to be recognized the incidence cannot be attributed 
to better diagnosis. Ortain occupational cancers are undoubtedly on 
the increase, but this is in most cases ck'arly attributable to industrial 
conditions {see p. 69). It is almost certain that cancer of the lung is 
more common now than formerly, hut the cause is unknown {see p. 347). 


HEREDITY AND CANCER 

This is one of the most controveisial subjects in the whole field of 
cancer, and medical opinion on it is diverse and even contradictory. 
General statistics based on deaths from cancer are alipoft valueless, 
for quite apart from the inaccuracies of death certification the human 
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stock is so mixed that satisfactory evidence for or against an hereditary 
basis would require full pedigrees, complete witii medical histories, 
dating back for many generations. 

Most physicians of long experience must have met with families 
with apparently a strong disposition to cancer, and medical literature 
contains many such records. One of the most famous ivS that described 
by Broca, in ,whieh sixteen members of a family of twenty-six died 
from cancer of the breast, liver or uterus ; and Wurth in has related 
equally striking examples. On the other hand, it is pointed out that 
even such remarkable figures may be explained on a basis of coin¬ 
cidence, for cancer is so eoinmon in man—in Great Britain it kills fully 
10% of those who reach the age of thirty-five—that any statistical 
evidence to be significant must deal with very laigc scries of cases. 

In the experimental laboratfiry, however, these statistical fallacies 
may be eliminated, for with such a J'ertile, short-lived, and conveniently 
small animal as the mouse it is possible to observe immense numbers 
of individuals wdiose pedigrees arc known for many generations; 
and, moreover, by sek'ctive breeding the pedigrees may be so controlled 
as to eliminate many of the variables that confuse the issue in man. 
In this field the work of Maud Slye stands unparalleled in magnitude 
and result. Many thousands of mice have bt;en bred under strict condi¬ 
tions of mating, and every mouse has been subjected to detailed post¬ 
mortem examination. In the first 30,000 autopsies there were 4,000 
primary spontaneous tumours. Mammary carcinoma was by far 
tlie most common, but tumours of the lung and liver were not 
infrequent and there w'ere many other types of simple and malignant 
growth. 

By selective breeding, Slye has produced remarkable results, for by 
the continued inbreeding of mice of cancer-bearing ancestry, she has 
produced strains of which every individual attaining maturity dies of 
cancer, and by inbreeding canccr-frec mice she has produced strains 
that appear completely immune to cancer. She has, moreover, shown 
that the tendency to tumours of specific type or in specific organs is also 
hereditary. Some strains of mouse were liable to adenoma, others to 
cAreinoma or to sarcoma; some were liable to ttimours of the liver, 
others to tumours of the lung or of the breast. From these and other 
experiments, Slye concluded that the. tendency to eaiiccr is hereditary, 
that cancer behaves as a unit character and that it is inherited as a 
Mendelian recessive. 

All Slye’s conclusions are not accepted by other geneticists, 
particularly in regard to the Mendelian relationship—some regard it 
as dominant, others as involving multiple factors—but there seems no 
doubt about the main thesis, the hereditary factor in cancer. It is hot 
true to say that cancer itself is inheritable, but there is some hereditary 
disposition or diathesis which readily leads to cancer. Cockayne has 
recently reviewed Slye’s work from this aspect. He concludes that the 
incidence of Slye’s tumours depends upon some growth disorder such 
as adenomatosis, which is common in the three situations especially 
liable to cancer, namely, the lung, liver and breast. In the first two 
structures ^is factor probably behaves as a Mendelian recessive, in the 
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dominant. Cockayne also cites interesting examples in inan of 
cancel^ dependent upon similar hereditary predispositions. An Qut- 
standinj^ example is cancer of the colon, which often shows a remark¬ 
able familial incidence. In some of these cases the cancer is related to 
the condition of pol 3 rposis of the colon, an hereditary disorder of cell 
growth which behaves as a Mendelian dominant. Another example is 
neurofibromatosis, a Mendelian dominant which sometimes leads to 
malignant change; and a third is the common pigmented mole, which 
may dispose to the formation of a malignant melanoma. Many more 
such hereditary predisposing factors will no doubt be defined by further 
studies in genetics. 


TRANSPLANTABLE TUMOURS IN ANIMALS 

When Jensen in 1903 published the results of his work on the pro¬ 
pagation of mouse tumours he set the corner stone for a vast edifice 
of experimental tumour research, the results of which cannot fail to be 
of immense value in the general attack on the cancer problem. 

Jensen’s mouse tumour was a carcinoma, which occurred spon¬ 
taneously in an elderly white mouse. By following the technique of 
previous workers he was able to transplant the tiunour into other mice, 
and since then it has been transferred by grafting to millions more mice in 
laboratories throughout the world. At first the tumour only “ look ” 
in a small percentage of experiments, and principally in mice of the 
same breed; German mice, London mice, and wild mice of any origin 
' were more resistant. In the course of time, however, the tiunour 
adapted itself to these new hosts and eventually grew equally well in 
any variety of mice. 

Jensen’s work stimulated great interest in the study of animal 
tumours. Contrary to general belief at that time, it was found that 
cancer is not exclusively a human disease, but occurs widely in many 
vertebrates, and in amphibians, birds and fishes as well as mammals. 
It is particularly common in mice, and since they are convenient 
animals for laboratory study their tumours have been investigated most 
thoroughly. 

It was soon found that tumour propagation is quite different from 
the transmission of any other disease. A tumour can only be propagated 
(except in the case of certain chicken growths which mav not be strictly 
comparable) by the inoculation of living tumour cells,(and all kinds of 
cell-free extract or eufture are innocuous;^ Moreover, tumour propaga¬ 
tion is mere grafting. The new turnout cells are derived from the 
original host only, and each later host merely acts as a sort of living 
culture medium whose function is to supply nourishment. When a 
carcinoma is transplanted its epithelial cells, or a small proportion of 
•them, survive and proliferate, and they exact firom their new environ¬ 
ment a stroma with supporting tissue and blood ressels. Only very 
rarely do the cells of the new host become in turn malig^nt. 

One of the most striking facts that has emerged Judies 
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is that in spite of the wide zoological distribution of cancer, and in spite 
of the great similarity of many gibwths in different kinds of animal, 
the transmissibility of cancer has very strict liniitations in regard to 
species. (A" moiise tuinbur cannot be propagated lo rabbits, a human 
tumour never “ takes ” in the lower animals.,, It is true that heterologous . 
transplants have succeeded in certain special situat ions, as in the brain 
of rats or of guinea pigs and in chicken embryos, but apart from these few 
instances tumours can only be grafted in very closely related specit's. 
Another remarkable feature is tlie way in which a tuutour rups true to 
type throughout its whole ,course. (An adeno-oareinoma remaijis an 
adeno-carcinoina^ and the very appearance of the cells may remain 
unchanged, as in the tumour described by Cramer, in which for fifteen 
years the cells retained their sjiccial property of storing glycogen. 
These are almost unsurmountablc obstacles to a simple parasitic theory 
of cancer, for they would seem to jiostulatc a separate strain of organism 
for each type of growth, as well as separate strains for each animal 
species. 

Chicken Tumours. In recent years many studies have been made 
on certain chicken tumours. The best known of thc'se, chicken tumour 
No. 1, described by Peyton llous in 1011. was a spindlc-ccll fibro¬ 
sarcoma, but since then several other types, all of connective-tissue 
origin, have been studied. The chief characteristic: of most of them is 
that they may be transmitted from bird to bird by nutans of cell-free 
extracts as well as by living cells. In this respect they differ funda¬ 
mentally from all known mammalian tumours, and for this reason many 
pathologists will not class them as true tumours but rather as infective 
granulomata resulting from unknown ultramicroscopic organisms. 

It has been shown recently, however, that chicken tumours producied 
by the injection of tar extracts, which arc undoubtedly true neoplasms, 
are also transmissible by means of cell-free filtrates. This would seem 
to indicate that filtrability is a chicken characteristic rather than a 
property possessed by the individual tumours, and it lends strong 
support to the view that experimental observations made upon chicken 
tumours may be applied to the problem of cancer in man. 


EXPERIMENTAL PRODUCTION OF CANCER 

It has already been related how, early in this century, the attention 
of experimental workers was turned to transplantable tumoms in 
animals. Cancer research took another forward step with the discovery 
by Fibiger in 1918 and by Yam agi wa and Ichikawa in 1915 that cancer 
could be produced experimentally in animals. 

Fihjige]t!s.., hrilUant. study took origin from the examination of a 
spontaneous gastric carcinoma in a rat. In microscopic sections of the 
tumour he discovered the remains of a nematode worm, which he 
identified as a parasite found in certain varieties of Danish cockroach. 
Further investigation disclosed a source of infected cockroaches in a 
local Fibiga then fed a number of rats on a diet of the 
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cockroacijes, and examined the stomachs of the rats at various intervals 
afterwards. In a short time after the start of the experiment the giistric 
mucosa developed signs of inllanimatory reaction ; this was followed by 
papillomatous proliferation, atul later, soin<'timts within three months, 



Fio. ly. (’urfinoiiia uf tlie c-ulon asso¬ 
ciated with polyposis. The tumour is 
of annular type and has caused extreme 
stenosis of tlie bowel. There are 
several pedunculated polypi of typical 
appearance in the diluted bowel proxi- 
nuil to the tumour. 


by actual cancer, which invaded 
adjacent tissues and gave rise to 
metastatic deposits. Nematodes 
could be found in the primary 
gastric tumour but not in the 
metastascs, a significant observa¬ 
tion which indicates that once 
the gastric cells had acquired 
malignancy they continued to 
[)ro]iferate in virtm* of tht-ir own 
ird-rinsic energy. 

Fibiger’s work naturally 
aroused great enthusiasm for the 
parasitic conception of cancer, 
but with isolated exceptions there 
has been no evidence that other 
jjarasites behave like that par¬ 
ticular nematode, nor can that 
nematode produce cancer except 
in the rat. 

Recently, Passey and Leese 
have repeated Fibiger’s experi¬ 
ments, but have failed to confirm 
his findings. According to these 
workers, Fibiger’s results were 
due, in jiart at least, to the fact 
that the rats used in his experi¬ 
ments were kept on a diet very 
deficient in vitamins, a state 
which is well known to produce 
papillomatous proliferation in the 
lining membrane of the fore- 
stomach. 

The next method of experi¬ 
mental cancer production, 
discovered by Yamagiwa and 
lehikiiwa, was of a different 
nature. It consisted in subject¬ 
ing tlie skin surface to prolonged 
and repeated application of coal 
tar. Rabbits were first used for 


this purpose, and the tar was applied to the delicate skin on the dorsum 
of the ear. Later it was found that mice are much more susceptible, 


and that other substances than coal tar, e.g.^ paxaffin and shale oils, 


have similar effects. 

When mice are painted twice or thrice weekly they de^efi^ipl ^st a 
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thickening of the epidermis with warty or papillomatous growths, and 
these are later followed by the formation of a carcinoma, which invades, 
ulcerates and produces metastases. In most cases the carcinoma 
appears after about six montlis, but occasionally in as short a time as 
three months or in some eases only after an interval of eighteen months. 
If the tarring is carried out less frequently the tumour takes longer to 
appear, and the percentage of successful results is sumller. It is interest¬ 
ing to note that the growth may appear long after tarring has been 
abandoned, and in rare eases it has followed, aftt'r many months, when 
only a single application of tar has been made. Pliysieal injury to the 
tarred skin, sueh as may be obtained by .searilieation, shortens the 
pei'iod of induction. 

However extensive the surface tanvd, only a single ear(*inon«i 
dcvelo])s, and when this happens any neighbouring warty growths 
disappear. This phenomenon is sometiriK's seen in various forms of 
paraffin cancer in man, and it suggests that possibly the ])resenee of 
the malignant t.issue induces retrogressi\'e changes in neighbouring 
sim])lc tumours, or more active defensive processes in t he surrounding 
eonneetive tissues. 

Many attempts have been made to isolate the actual cureinogenie 
subst.'inecs present in coal tar, and this has recently been achieved bj' 
Kennaway. Cook, Ilieger and their associates. It was fourul several 
years ago that the active substances arc present in largest amount in 
high temperature distillates of coal tar, and later it was noted that 
sueh distillates possess a characteristic fluorescence spectrum. Synthetic 
substances with similar spectra were then tested by applying them to 
mice. Amongst the substances tested was the chemical compound 
1 : 2 : .5 : G-dibenzanthraccne, which had been newly synthetized by a 
firm of manufacturing chemists, and this was found to be actively 
carcinogenic. During the last few years a number of products allied 
to dibenzanthracene have been obtained, both by synthesis and by 
extraction from coal tar {see also p. 73). 


PRECANCEROUS STATES IN MAN 

It is now recognized that in a certain projiortion of eases malignant 
tumours in man arise upon a basis of some chronic lesion of a simi)le 
nature. From some long-continued irritative process the tissues undergo 
preludial changes of a proliferative nature which eventually culminate 
in cancer. It is hardly an exaggeration to state that study of these 
preeancerous states constitutes one of the most fruitful avenues for 
cancer research and one in which there is prospect of fresh advances. 

It has long been known that certain Jtumours arise on the basis of 
congenital and inherited abnormalities. (|fMalignant growths may take 
origin, for example, in ectogic testes, in pigmented warts, in 
neurofibromatosis and other congenital lesions ; the intensely malignant 
glioma of the retina occurs as a familial disorder; whilst carcinoma of 
the larg^ intestine arji^s not infrequently upon the basis of an inheritetl 
lesioq^ polyposis coli.)\ 
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Simple tumours occasionally become malignant, c.g., fibromyoma of 
the uterus ; though the great majority of simple tumours are no more 
liable than are normal tissues. 

Various forms of chronic irritation constitute the last and in some 
respects the most important group of the precancerous conditions 
occurring in man. 

Carcinoma arises as a result of innumerable forms of chronic 
irritation. Carcinoma of the skin commonly occurs on a basis of 
old ulcers, burns, lupus, and the like; carcinoma of the mouth 

or the lip commonly 



follows leukoplakia, or 
hyperplasia resulting 
from irregular teeth or 
the use of a cl§y pipe; 
carcinoma of the penis 
occurs when there is 
irritation from sme^a 
retained behind a tight 
f o r e s k i n—it is con¬ 
sequently almost un¬ 
known in Jews; car¬ 
cinoma of the stomach 
may arise at the edge of 
an old ulcer; carcinoma 
of the gallbladder may 
follow gall-stones. 
Lastly there are the 
tumours known as occu¬ 
pational cancers, which 
will be described 
separately below. 

The relationship of 


Fio. 20. Cancer of tlie gall bladder, presumably 
associated with chronic irritation by the gall- 
sl OIK'S. The tumour, a scirrhous carcinoma, hsis 
in tilt rated the gall bladder wall and jiroduced an 
hour-glass deformity. 


these forms of chronic 
irritation to cancer will 
be discussed on a later 
page. It is sufficient 


(Deportment of Surgery, Univerf if I Ilf Kiliiiburgh.) here tO note their great 

<liversity of character. 


Some are physical agencies, others ehemicul, and others again result 
from infection or infestation. This diversity would, at first glance, 


seem to indicate that there is no specific activity involved, and it is 
generally believed that the irritants do not actually cause cancer, 
but merely prepare the tissues for its origin. It is noteworthy 
that malignancy rarely develops unless the irritant has been effective 
during a considerable time, or has been frequently repeated, and 
that, it may develop several years after the cause of irritation has 
been removed. The general view is that the effect of the chronic irrita¬ 
tion is to interfere with cell nutrition, perhaps as a result of lymph 
stasis, and thus to render the cells more liable to undergo malignant 
proliferation. 
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OCCUPATIONAL CANCERS 

Owing principally to modern scientilic and indn:>trial developments 
the number of occupational cancers is now considcTable, and there is 
little doubt that it will increase in the future. There are a few tumours 
in this class, however, that date from long before the industrial era. 
Chimney-sweeps’ cancer of the scrotum, resulting from the prolonged 
action of coal-tar products present in soot, is one oi these. Another is 
the khangri cancer so common in Kashmir. The khangri is an eartlien- 
ware jar contained in a basket and filled with burning charcoal, which 
the Kashmiri caraes for warmth under the clothes in (dose contact with 
the abdomen, and it frequently causes burns which heal with mmdi 
cicatrization. The sears very often become the site of development of a 
carcinoma. 

The irradiation cancer {see p. 105), which has taken its melancholy 
toll of so many of the pioneers of radiography, is a familiar example of 



Fig. 21. Shale oil cunccr. A sqiianious-cell carcinoma, in a man aged 
fifty-live years, who had worked in the parullin refinery during twelvt* 
years. A warty dermatitis bad been present for several years, and the 
carcinoma dcvelo{>ed in one of the warts. 

an occupational cancer, and there are too the carcipoma of paraffin 
refiners and mule spinners, the bladder tumours of aniline dye workers^ '• 
the pulmonary tumours of certain cobalt miners, and several others less 
well known. 

Occupational cancers vary greatly in frequency, incidence, and 
clinical course, but practically all have these features in common; 
(1) the growth arises in men exposed for a period of years to the par¬ 
ticular carcinogenic agent; (2) in the great majority of cases the 
growth is preceded by some precancerous condition, such as various 
forms of dermatosis ; (8) the growth may begin many years after the 
worker has changed his occupation ; (4) growths occur only in a small 
proportion of exposed persons, depending presumably on some 
idiosyncrasy. 

Shale Oil Cancer. This form of cancer, though rare, is of-interest 
owing to its relation to a particular industry. The tumour is almost 
limited to the West Lothian district of Scotland, where it affects 
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t}iose engaged in tlie refining of shale oil (paraffin). It is a carcinoma 
and occurs principally on those parts of the body exposed to prolonged 
contact with the oil ; in half the cases it occurs on the scrotum, in 
30% on the uji})er extremities, and in the remainder chiefly on the face. 
Usually the tumour apj)cars in men who have served during ten to 
forty years in the refineries, and it is uncommon in those of shorter 
service. It often occurs many years after retirement from work. 

Scott showed that in most eases it occurs in men actually engaged 
in the refining jirocess, and consequently in regular eonta(>t with hot 
oil. The ennccT develops on a j)apular eruption or on a wart assoeiaU'd 
with a dermatosis such as frequently affects these workers. In other 
cast's, however, the tumour arises in labourers who are little exposed to 
t,he t>il, and in them it is not preceded by an obvious dermatosis. 
Presumably in such eases there is an idiosyncrasy. 

Mule Spinners’ Cancer. This is another form of paraffin carcinoma. 
It occurred in the “ mule ” spinners of Lancashire cotton mills, and 
did not appear to be known in cotton-spinning districts in other 
countries. The “ mule ” required constant lubrication, and much of the 
oil was sprayed off the machine, especially at about the hip level. The 
men were thinly clad, on account of the high temperature at which mule¬ 
spinning was carried on, and their clothes became saturated with oil. 
The ca.ncer affected the scrotum, neck and arms. It usually occurred in 
spinners of twenty to forty years’ service, and was often preceded by 
wart formation. 

It is int(‘rcsting to note that mule-spinners’ cancer showed a ra}>id 
increase in Lancashire during the early part of this century. This 
is believed to be related to the fact that the period 1850 to 1875 saw 
a gradual transition from the use of animal (non-carcinogenic) oils 
to mineral oils derived from shale or petroleum. Only after the latent 
period of forty to sixty years did the effect of this cliange become 
manifest—^a disturbing observation when considered in regard to the 
possible effect, many decades hence, of the modern pervasion of olhei 
petrolates. 


THE ORIGIN OF TUMOURS 

No problem in the whole of pathology has evoked such a plethora 
of writings that “ darken counsel by words without knowledge,” 
of explanations that do not explain, and of theories that are insulfieiently 
comprehensive. Few subjects offer greater perplexity and confusion 
to the inquiring student; and few are more difficult to present within 
unavoidably nari'ow limitation of space. 

To understand the principal theories held in regard to the origin of 
tumours, and to appreciate the significance of recent experimental 
findings, we must consider some of the fundamental features of tumour 
growth. In particular we must examine the behaviour of the tumour 
cell and discover in what respects it differs from normal cells. 

The Biology of the Tumour Cell. It is a characteristic of nearly all 
tumours that their cells resemble more or less closely the cells of the 
tissue from which they are derived, and this similarity of appearance 
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holds good for the primary growth and for any metastatic growths that 
may develop. 

In spite of this morpliological resemblance, it has until recently been 
the general opinion that tumour cells must differ from normal cells in 
some fundamental respect, in virtue of which they are endowed with a 
limitless capacity for proliferation. 

Many attempts have been made to discover wherein this difference 
lies, and to demonstrate in tumour cells a peculiar feature either of 
internal structure or of inetabolisiu. It was elaime<l, for example, that 
tumour cells differ from normal cells in the number of their chronmstmies. 
and when this was shown to be erroneous it was suggested that they 
differ in the character and disposition of the (‘hromosomc-constituents, 
the genes. 

' On the chemical side, the work of Warlairg has furnished many 
interesting observations. It lias long la'cn rirognized that cells, like 
bacteria, may be aerobic or anaerobic. Aerobic cells reipiire oxygen for 
their nutrition, and derive their energy from the combustion of earbo- 
hydraies to carbon dioxide and water ; anaerobic cells can live in the 
absence of oxygen by the fermentation of carbohydrates to laeti<‘ acid 
(anacrobii* glycolysis). Now Warburg has shown that whereas the great 
majority of normal cells require oxygen, malignant cells subsist prinei- 
[lally by anaerobic glycolysis, even though oxygen be available. Aceonl- 
ing to Warburg, this property^ is an essential eharaeteristic of malignant 
cells, and enables them to jiroliferate in cireumsfances inhibitory to 
normal cell growth. Even in this respect, however, malignant cells only 
differ from normal cells in degree, not in kind, for it has been shown that 
certain normal cells, for example those of the retina, jiossess gly'colytie 
faculties equal to those of malignant cells, and to a smaller extent many 
other normal cells are similarly endowed, especially when actively 
growing. 

During recent 3 'cars most authorities have come to believe that 
tumour cells do not, in fact, differ in any fundamental res|H‘cL from 
normal cells, and that their capability for limitless growth is not due 
to a .special biological projierty but rather to freedom from restraint. 

Nicholson, in a series of valuable jiapcrs, has lent the full weight of 
his authority to the view of the fundamental similarity of normal and 
malignant cells. He points out that tumour cells do not differ in 
essentials of structure or of growth from the cells of normal ti.ssucs, and 
that many simple tumours approach very closely in appearance to 
developmental malformations. A continuous gradation may be 
recognized, for example, from uniovular twins at the one extreme 
through parasitic foetuses, teratomata and mixed tumours to the most 
highly malignant neoplasms. In his opinion, tumour formation is 
simply the expression of one of the physiological potencies of every 
living cell. 

It is often stated that tumour.cells are peculiar in their property of 
unlimited proliferation. It has been shown, however, by tissue culture 
experiments that this property is possessed also by many normal cellsj 
provided that they are suitably nourished. Carrel, for example, has 
succeeded in propagating normal fibroblasts u^ion artificial media for 
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as long as twelve years, and other normal cells have been maintained in 
active proliferation for shorter periods. 

Thus an inborn propensity for limitless growth is a characteristic 
feature of many, if not all cells. Normally their growth is restricted 
and controlled, so tliat the cells proliferate only to the extent necessary 
to meet the needs of the organism as a whole. In tumours, on the other 
hand, cell proliferation is unrestrained. 

Older Theories upon the Origin of Tumours. Upon the observation 
that cancer sometimes develops at the site of congenital abnormalities, 
Durante advanced the view, later to be supported by Cohnheim, that 
tumours do not arise in normally placed tissues but in aberrant “ cell 
rests.” It was postulated that in the course of foetal life certain groups of 
cells failed to develop normally but persisted as ” rests,” which either 
remained embedded in their proper environment or were misplaced 
in other parts of the body, and it was believed that these “ rests ” 
retained special powers of growtli wlii(;h enabled them, after long periods 
of latency, to proliferate and form tumours. It is well known that 
jiortions of the adrenal and parathyroid glands and of the pancreas 
were often so displaced, and it was supposed that similar malformations 
occurred in relation to other organs and other tissues. 

Ribbert accepted the general principles of Cohnheim’s theory, but 
extended it to include also acquired epithelial displacements, such as 
may occur from overgrowth and fibrosis around any chronic inflamma¬ 
tory process. In llibbert’s view, islets of epithelial cellsKjjut off from 
their normal relationships became released from physiological control 
and thus attained autonomy. 

These and collateral theories held the field for a long time, but it is 
now recognized that they fail to explairi many of the known facts 
of cancer and are totally inadeejunte except perhaps for a small pro¬ 
portion of tumours. Tar cancer cannot arise in “ cell rests,” unless 
these be ubiquitous; Ribbert’s theory cannot be aj^plied to sarcoma. 
Moreover, it is very doubtful if such “ rests ” as are known to occur 
are any more liable to neoplastic change than normal tissues. The time- 
honoured example is the development of hypernephroma in adrenal rests 
in the kidney, but even this is now unacceptable, for most histologists 
believe the hypernephroma is of renal, not adrenal, derivation. 

The Parasitic Theory of Cancer. Many attempts have been made 
to demonstrate an organism as the cause of cancer, and there are 
few types of organism that have not from time to time been incriminated, 
but, with the exception of Fibiger’s nematode and one or two other 
()arasitcs known to be related to specific forms of tumours, none has 
stood the test of confirmatory experiment and none has received 
general acceptance. Many alleged parasites are now regarded as 
cell inclusions of various sorts, and others are generally looked upon as 
contominants. 

The parasitic theory has obvious attractions, but there are almost 
insurmountable obstacles to its acceptance, and all experienced patho¬ 
logists are agreed that it is not consistent with the known facts. The 
greatest difficulty is to account for the narrow species limitation and 
at the same time the wide zoological distribution of cancer. If cancer is 
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caused by a single universal parasite, why cannot the disease be pn>- 
pagated from one species to another ? 

To overcome this difficulty Gye has recently formulated an ingenious 
hypothesis, which invoked a second, specific factor as well as a universal 
parasite. Gye’s work was carried out principally upon the Rous 
chicken tumour, a peculiar form of sarcoma which differs from all 
mammalian growths in being^ropagable from chirk to chick by means 
of filtered, cell-free extracts, i By centrifuge and by other methods 
Gye was able to separate sucli extracts into two moieties, which were 
innocuous alone but potent when mixed. These portions he believed 
to contain respecti\'ely the parasite and the second factor. As a 
result of these and other experiments Gye came to the conclusion 
that the parasite is present in all tumoui-s, and is of the nature of an 
ultra-microscopic, filter-passing virus. The second factor, which is 
thermo-labile and usually known as the'^chemical factor,” is specific 
for eacTi species and for each type of tumour. 

Ingenious tliough the hypothesis is, it has not proved acceptable, 
and his experimental results at present lack confirmation. 

Recent Work on Carcinogenic Agents. During recent years, the 
most notable progress in cancer research has been upon the relationship 
of cancer to various forms of so-called chronic irritation, and particularly 
upon the characteristics of various agents capable of producing cancer 
experimentally. 

In a previous section (p. 67) attention has been directed to the 
number and variety of the diseases that may be regarded as pre- 
cancerous. It has been shown that cancer occurs as a sequel to many 
chronic inflammatory processes (burns, ulcers, lupus, cholecystitis, etc.) 
or as a result of such diverse agencies as X-rays, soot, various paraffin 
products, arsenates and aniline dyes. It has, moreover, been related 
how cancer can be produced experimentally in animals by certain 
parasites or by coal-tar products and other chemical substances. 
Thus it is apparent that the precancerous lesions are of widely differing 
character, some ph;^ical in nature, others chemical, and others again 
resulting from chronic infection or infestation. In view of their diversity 
of character, it is difficult to suppose that these agencies initiate the 
process of cancer in virtue of any single common factor, and most 
authorities hold the view that they do not actually cause the malignant 
change but rather prepare the tissues for its development. 

Experimental investigation of the carcinogenic constituents of coal 
tar has recently yielded information that may well prove to be of the 
utmost import^ce in regard to the origin of tumours. Ever since the 
early esqperiments of Yamagiwa and Ichikawa {see p. 66), attempts 
have been made to isolate the active substances present in tar, and 
this has at last been achieved by Kennaway and his associates at the 
Cancer Hospital. London. The active substances have not only been 
isolated in a pure state, but have been prepared synthetically. 

When the coal-tar products were first investigated it was found tiiat 
the carcinogenic activity was greatest in high temperature distillate of 
the tar. Later it was found that thee active distillate differ from the 
inactive fractions in possessing a characteristic fluorescence spectrmn, 
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whose intensity varies more or less in proportion to the potency of the 
preparation. Attention was then directed to synthetic chemical 
substances known to exhibit a similar spectrum, and some of these also 
proved to have cancer-producing properties. 

The most remarkable feature is that these substances are all closely 
similar in chemical composition. They are hydrocarbons, and each has 
a molecule containing four or five carbon rings arranged in a condensed 
formation. 'J’he majority arc related to 1 : 2-benzanthracenc, a substance 
• which itself has hardly any cancer-producing activity. The most 
potent of them yet discovered are 1:2:5: 6-benzanthracenc and 
1 : 2-benzpyrcne. 

Thus in this particular series of cancer-producing agents, carcino¬ 
genesis appears to be linked up with a special type of molecular structure. 
It is interesting to note that a somewhat similar structure is found in 
several substances normally present in the body, for example, ocstrin 
and sterols such as cholesterol and the bile salts, and possibly the male 
liornione and vitamin D. It has been suggested that these substances 
may, under the inlluenc*c of chronic inflammatory processes. X-rays or 
other agencies, undergo alterations of molecular structure and assume 
carcinogenic properties* 

'I'he conversion of one of these normal body fluids into a carcinogenic 
substance lias already been achieved. JJy in vitro experiments the bile 
acid deoxycholic acid has been converted into the intermediate product 
dehydronorcholene and then by dehydrogenation into methylchol- 
anthrene, wdiich is actively carcinogenic when applied to the skin of 
mice. On general chemical grounds, however, it is doubtful if such a 
process can take place within the human body. 

From the foregoing, it will be seen that our knowledge of the agents 
responsible for tar cancer has extended rapidly within recent years. 
It would clearly be dangerous to apply the findings in one particular 
type of cancer to the origin of malignant disease as a whole, but, 
nevertheless, the success gained in this limited field warrants the 
belief that in time the solution of the greater problem will in turn be 
achieved. 


CLASSIFICATION OF TUMOURS 

In the present state of our knowledge no classification of tumours 
is beyond criticism, nor is any likely to be so until the aetiology of 
tumour formation is more clearly understood. 

Tumours may be classified in either of two principal ways: 
(1) on a histological basis, according to the type of cell or tissue 
of which the tumour is composed, and (2) on a histogenetic basis, 
according to the primitive cell layer from which the tissue is thought 
to be derived. 

There are so many intermediate and mixed types of tumour, and 
so many tumours of unknown or disputed origin, that any classification 
has patent disadvantages. For the sake of simplicity the following 
arrangement will be adopted here:— 
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(1) Non-malignant Tumours of Connective Tissue Origin. 

Fibroma. 

Xanthonm. 

Lipoma. 

Myxoma. 

Chondroma. 

Osteoma. 

Myoma. 

(ilomaniiioma. 

(2) Malignant Tumours of Connective Tissue Origin. 

Sarcoma. 

(3) Non-malignant Epithelial Tumours. 

Papilloma. 

' Adenoma. 

(4) Malignant Epithelial Tumours. 

Carcinoma. 

(5) Teratoma and other Mixed Tumours. 

(«) Tumours Derived from Nerve Tissue. 

Glioma. 

Neurinoma. 

Ganglioneuroma. 

Paraganglioma,. 

Glomangioma. 

Argentaffhioma. 

(7) Tumours Derived from Endothelium. 

Endothelioma. 

Jlasmangioma. 

Lymphangioma 

(8) Melanoma. 

(9) Chorion Epithelioma. 

In addition to these, there are a number of rare, obseure or indeter¬ 
minate tumours which in Iht' ligiit of our present knowl(“dge defy 
accurate classification. Such tumours as the giant-cell tumour of bone, 
t'liordoma, and odontoma belong to this group. 

FIBROMA 

Simple librous-tissue tumours arc widely distributed and are 
very common. Many of them, although terrjied librorrm, are actually 
of a more complex nature. A fibroma in the breast, for example, 
generally contains glandular acini, and in the present state of our know¬ 
ledge is more accurately termed fibro-adenoma. 

A fibroma may arise from any of the fibrous connective tissues of 
the body, such as fascial planes, intermuscular sei)ta, and submucous 
layers, or from the connective tissue stroma of such organs as the 
breast, kidney, and ovary. 

The common tumours arising from nerve sheaths were formerly 
regarded as fibromata. They are now believed to be of nervous origin 
and are classified as neurinoma (p. 318). 

A fibroma varies somewhat in structure and appearance, according 
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to its ccilularity and rate of growth, and it is customary to recognize 
two principal forms, hard fibroma and soft fibroma. TJiese do not 
represent distinct types, however, and intermediate varieties may occur. 
A hard fibroma is usually small and of slow growth. It is of tough 
consistency, and when cut across it imparts a creaking sensation like 
cartilage. The cut surface is of grey colour and is traversed by glistening 
bands of fibres. Microscopically, such a tumour is composed of fibrous 
tissue of adult type, irregularly arranged in broad columns which pass 
in all directions. Cells are comparatively scanty, and there is a con¬ 
siderable proportion of collagen, often in a state of hyaline degeneration. 
Sometimes the cells have a somewhat whorled arrangement. A soft 
fibroma lends to grow more rapidly and to attain somewliat larger size. 
Microscopically, it is more cellular and with scanty fibrillar material. 
Some soft fibromata are so cellular as to resemble sarcoma. A recurring 
fibroma takes an intermediate position between a simple growth and 
a sarcoma. At first it is of a simple type and grows slowly, but 
after operation recurs repeatedly as if locally malignant and eventually 
may assume sarcomatous characters. The “ desmoid tumour ” of the 
abdominal wall, the “ recurring fibroid of Paget,” is of this type 
{see p. 221). 

Keloid. Under the title of true keloid (as distinct from the common 
l^eloid of Alibcrt), Addison described a rare disease of the skin and 
subcutaneous areolar tissues. This remarkable disease ari&es sponta¬ 
neously and is indicated first by a small oval white opacity or morphoea 
in the skin. A zone of redness surrounds the patch, which later exhibits 
yellow or brown mottling. Following the development of new fibrous 
tissue, the surrounding skin becomes h^d and rigid and processes of 
scar tissue extend for a considerable distance in the subcutaneous 
tissue. Finally the affected part, frequently an extremity, becomes 
hide-bound and the seat of confractures. The skin, which may be 
excoriated, is puckered and nodular with a yellowish pink colour, giving 
it a resemblance to an extensive imperfectly cicatrised burn., The 
disease is progressive during many years and may implicate large areas 
of the body and limbs, and be associated with great pain and irritation. 
This variety of keloid is probably identical with sekroderma. 

The surgeon is more familiar witli keloid as a condition of excessive 
overgrowth of a awir, which results in firm, irregular, claw-like masses 
of fibrous tissue projecting above the surrounding skin. The lesions 
may be single or multiple. The common places of origin are the face, 
neck and ears, and the front of the thorax and abdomen. 

The lesion may follow any kind of injury, and it occurs in the 
scars of birrus, tuberculous sinuses, vaccination marks, and healed skin 
diseases, as well as in those of surgical wounds. Even insi^ificant 
injuries such as insect bites and pin pricks have been the starting point 
of the disease. 

A decided pijediggpsition to overgrowth of scar tissue and keloid exists 
in some subjeiits. Ne^oe s exhibit this tendency more obviously than 
whites, and, it is stated" to be pronounced in tuboiimleus-Sjuibjects. 
Infection of the original wound is undoubtedly a common predisposing 
factor, and" it IS the only known one of any significance. 
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A recently developed keloid has the appearances of a redundant scar 
and has a sniny pipk or reddish appearance. Its surface may be smooth, 
rough or furrowed, and in some sites, such as the lobe of the ear, it may 
be pendulous. The margins of a keloid are not sharply defined and 
project irregularly into the subcutaneous tissues or even into the deep 
fascia and muscles. 

Histologically, a keloid has the structure of a soft fibroma, and is 
composed of dense bundles of fibrous and hyaline connective tissue with 
well-defined fibroblasts, which are disposed more or less parallel to the 
cutaneous surface. The periphery is more cellular than the centre and 
shows a round-cell infiltration, '^here are no hair follicles, sweat glands, 
muscle fibres, or elastic tissue in the tumour, but newly formed blood 
and lymph vessels are present.' The overlying epidermis is thin and is 
often devoid of papilltc. 

A keloid shows no tendency to disappear spontaneously; and it 
lends to recur, especially if removed during its active period of growth. 
Although it exhibits some of 
the characters of a malignant 
growth it never gives rise to 
metastases. 

XANTHOMA (Xanthelasma) 

The term xanthoma is applied 
to a group of yellowish-brown 
groM'ths of the skin which pre¬ 
sent very diverse characters. 

The tumours arc situated most 
commonly in the eyelids {Xan¬ 
thoma palpebrarum), where they 
may be single or multiple. Less 
often they have a diffuse dis- 
. tribution throughout the cutane¬ 
ous surfaces \Xanthovia mul¬ 
tiplex). Rarely they have been 
observed in the pharynx, in the 
mediastinum, and in serous mem¬ 
branes such as tendon sheaths. 

Xanthoma sometimes occurs in 
association with diabetes {Xan¬ 
thoma diabeticorum). 

Histologically a xanthoma shows the characteristics of a benign 
connective tissue tumour localized to the corium. It is distinguished 
by the presence of numerous large roimded mononuclear cells, con¬ 
taining droplets of cholesterol esters and of orange-yellow lipoid material. 
In ordinary fixing agents these droplets are dissolved. And therefore 
leave vacuoles in the cjrtoplasm, hence the name “ foam cells.” 

The origin of the characteristic ” foam cells ” is uncertain. Some 
trace them to fixed cells of the connective tissue or to the endothelium 
of lymph or blood vessels, others to wandering phagocytic cells, Ewing 



Fig. 22. Subcutaneous xanthoma. X 120. 
There are numerous large “foamy” 
lipoid-containing cells in the dermis and 
subcutaneous tissue. 

(Royal College of Phyeieiane of EdMbwgh.) 
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believes that many xanthomatous tumours of the skin are due to 
lipoid infiltration of cutaneous neurofibromas. 

Xanthoma ‘palpebrarum may affect either the upper or the lower 
eyelid and is often bilateral. The tumours, which arc of slow growth, 
are usually flat and bean-shaped and have a canary yellow or njuddy 
brown colour. They are soft and are situated in the subepidermal layer 
of the skin. 

Xanthoma multiplex occurs particularly in young subjects and is 
sometimes congenital. The lesions, which resemble pigmented fibrous 
tumours, are specially common in the neighbourhood of joints as well as 
on the face and trunk. They may be arranged in groups with a sym¬ 
metrical distribution. 

A number of the subjects of this form of xanthoma subsequently 
develoj) diabetes, and in many of the recorded eases jaundice has been 
present. 

Probably the most common predisposing cause of xanthomatous 
tumours is hypereholesterolsemia, which has been shown to be present 
in some cases. I’his view is supported by the observation that the 
intracellular lipoid is a compound ester of cholesterol and fat, such as 
is normally present in such organs as the ovary and suprarenal gland, 
and, in certain conditions of disease, in the gall bladder, spleen and 
blood vessels. Such a metabolic predisposition would explain the 
occurrence of xanthoma in diabetes and in jaundice, states often 
characterized by an increase of the cholesterol content of the blood. 

It is interesting to note that xanthomatous tumours may be produced 
experimentally in rabbits fed with large amounts of cholesterol and 
subsequently submitted to aseptic traumatization of the subcutaneous 
tissues. The cholesterol is deposited from the blood and subsequently 
undergoes phagocytosis by large mononuclear cells, and these cells 
assume the characteristic “ foamy ” appearance. 

Under the general heading Xanthomatosis we may include certain 
other diseases characterized by the accumulation of lipoid-laden cells 
in various organs or tissues. Amongst these are Gaucher's disease, a 
eluonic familial affection occurring in children, especially females, and 
characterized by great enlargement of the spleen due to the accumula¬ 
tion of cerebrosides within its rctieulo-cndothelial cells ; the Niemann- 
Pick disease, a rapidly fatal disease of Jewish infants, characterized by 
enlargement of the spleen and liver due to the accumulation of phos- 
phatids such as lecithin ; and the Schilllcr-Christian disease, in which 
xanthomatous tumours occur in the bones, especially of the skull. 

LIPOMA 

A lipoma is the commonest tumour of the subcutaneous tissue and 
may occur in almost any part of the body, although it shows a predilec¬ 
tion for the regions of the shoulder, back, and buttocks. Less commonly 
a lipoma grows in an intermuscular space, under the pjariosteiun. or in 
the submucous or subscrous layers of the alimentary canal. It is a 
/soft, well^emarcated, movable swelling which is very ofteiy lobulated. 
The overtying skin is often loosely attached at one or more points to 
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the capsule of the tumour and is therefore obviously dimpled, or 
becomes so on prt ssiu'c. 

A lipoma appears in fidult lift* and usually grows very slowly, and 
having attai))ed a certain size remains stationary, but occasionally 
growth is rapid and the tumour may attain a very large size. When 
situated in the back it may, by gravity, gradually alter its position. In 
the region of tlie buttocks, the groin, and the perineum it often becojues 
pedunculated. 

A lipoma is usually composed of round fairly linn, yellow muss<>s 
or lobules. It is surrounded by a fibrous capsule which is firmly 
connected with the surrounding tissues, but only loosely connected with 
the tumour. Protrusions of the capsule pass between the lobules of 
the tumour and constitute its fibrous trabcculje. 

' A lipoma is essentially a benign tumour, and sarcomatous cliange 



Kic.. 2 : 1 . Lipoma removed from the thigh of a man aged sixty-tJiree 
years. The lobulatcd oliaraciter of tlic tumour is clearly seen. 

(/iy eourtfH)/ of .V/r. J. W Slrulhera.) 


is exceedingly rare, although primary tumours of the nature ofilipo- 
sarcoma have been described. They occur mainly in the retroperitoneal 
tissues or subcutaneously in the shoulder region. They invade diffusely, 
and may be painful. In most <i^es they arc of low malignancy anti 
responsive to irradiation therapy. ; 

Some lipomata have an abundant and dense fibrous stroma and 
may be ap})ropriately called fihro-lipoma; others are excessively 
vascular— hosmangio-lipoma; and others again present niyxojnatous, 
cartilaginous, and xanthomatous elements. Occasionally a lipoma of 
long duration undergoes degenerative changes such as liquefaction and 
calcification. 

Multiple lipomata are not uncommon. The individual tumouis in 
this condition are seldom large, but they may be very numerous and 
scattered over the whole of the body surface, and as many as 2,000 
have been present in one subject. In some instances they may be 
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symmetrically disposed, as in the forearm, where they are sometimes 
painful and associated with motor, sensory and trophic disturbances. 

A d^iise lipoma (pseudo-lipoma) usually occurs in the subcuhapeous 
tissues and intermuscular tissues of the neck of men, wh^rc it gives rise 
to a bulky collar-like swelling. Jt is not a true tumour but a localized 
overgrowth of the fat of this regioi), which in some cases can be attributed 
to chronic alcoholism. Somewhat similar overgrowths may occur in 
the hips and thighs, especially in women. From their tendency to give 
rise to severe pain these overgrowths have been given the name a diposi s^ 
dolorosa. 

Excessive deposits of fat may occur in the supraclavicular region in 
inyxa>dcnui, and in the genital area in hypopituitarism. 

MYXOMA 

A myxoma is a soft tumour composed of translucent jelly-like 
tissue resembling the delicate mesenchyme of the umbilical cord 
(Wharton’s jelly). Microscopically, it consists of branching stellate cells 
set in a clear mucoid matrix. Such tumours arise usually in relation to 
tendons, periosteum or joints, or occasionally in the heart. They are 
usually small, encapsuled growths, but sometimes attain large size. 
A pure myxoma is an extremely rare growth, but tissue of the character 
just described is of frequent occurrence in other tumours, such as nasal 
polypi, a chondroma or sarcoma. In such circumstances it is to be 
regarded as resulting from degenerative changes (mucoid or myxomatous 
degeneration). 

CHONDROMA AND OSTEOMA 

These tumours are considered fully in the chapter on “ Diseases of 
Bones,” to which reference may be made {see p. 158). 

MYOMA 

Muscle liunours may be composed of cither plain or striped muscle 
fibres. A leiomyoma, or tumour of plain muscle fibres, is by far the 
commonest. The site most frequently affected is the uterus, and the 
uterine myoma is one of the commonest of tumours in the whole body 
(see p. 684). Less often a leiomyoma arises from the muscle fibres of the 
oesophagus, the stomach (see p. 474), the bladder, or ovary. Rare 
examples have been found in the skin, and are believed to arise from 
the mm. arrectores pilorum. A leiomyoma is usually a benign encap¬ 
suled growth, but occasionally it is subject to sarcomatous change. 
It is d^cribed fully on p. 684. 

A rhabdomyoma is a tumour composed of well differentiated striated 
muscle fibres. It is exceedingly rare but has been encountered most 
often in young subjects especially in the soft palate and the tongue, and 
less often in the bladder, the uterus, the vagina, and the oesophagus. 
When the tumour arises from a mucous surface its appearance is 
characteristic, showing a lobulated coarsely polypoid structure witli 
broad clubbed processes. It is locally destructive and may metastasize 



SARCOMA 


81 


by the lymph channel or be disseminated in the blood stream. In 
structure a rhabdomyoma appears superficially to be well differentiated, 
but a closer examination reveals /yroups of very anajfiastic or primitive 
round and spindle cells to which it probably owes its very malignant 
tendencies. 

Some examples of rhabdomyoma are composed entirely of undiffer¬ 
entiated cells resembling morphologically and in staining characters 
primitive muscle cells— myoblasts. Such tumours have a homogeneous 
cellular pattern, and though the cells lack the mature cellular structure 
of a typical rhabdomyoma, the tendency to malignancy is much less. 
This type of rhabdomyoma has been styled myoblastoma by Cappell 
and Montgomery. 

Striated muscle of varj'ing degree of maturity is an occasional 
cTonstituent of teratoid tumours, r.g., of the kidney, testis, and ovary, 

^ SARCOMA 

Malignant tumours derived from connective tissues are generally of 
extreme’malignancy. They gi'ow rapidly, invade surrounding tissues, 
disseminate to distant parts of the body at an early stage, and quickly 
lead to a fatol issue. Within the bounds of this general statement 
there are, however, many variations in behaviour. Some sarcomata, 
notably those arising in bone, are almost invariably fatal, but others 
arc less aggressive, while a few only achieve recognizably malignant 
characters after a prolonged existence. 

A sarcoma is much less common than a carcinoma, and differs 
from it in several important attributes. Sarcoma may occur at any' 
age, though some forms, notably' bone sarcoma, are most common 
in early life. A sarcoma generally grows rapidly and forms a large 
soft tumoiar. With few exceptions it tends to disseminate early by 
the blood stream. This method of dissemination is no doubt 
chiefly due to the copious blood supply of a sarcoma and to tin* 
delicate nature of their vessel walls, which are readily invaded by 
tumour cells. 

A sarcoma may arise from any type of connective tissue, and it 
consequently has a wide distribution in the body. They originate 
most often in relation to bone, or from the periosteum, cartilage, fascia, 
and intermuscular septa or in the subcutaneous tissues; less often 
they occur in submucous tissues or in the stroma of internal organs. 

In a certain proportion of cases a sarcoma arijses in a previously 
benign tumour, e.g., uterine myoma, fibroma, chondroma. Sometimes 
it arises on a basis of some generalized growth disorder, e.g., neuro¬ 
fibromatosis, osteitis deformans, osteitis fibrosa. Occasionally trauma 
appears to determine the onset of the growth. 

The cells of a sarcoma may remain fairly well 4i|f|^rentiated and 
continue to reproduce, to some extent, the structure of the parent tissue, 
or they may revert completely to the primitive state. Thus a sarcoma 
arising in fibrous tissue may continue to produce more or less well- 
formed collagen fibrils or may be entirely cellular. When tiie nature 
of the parent tissue is recognizable, such terms as fibro-sarcoma. 



82 


TUMOURS 


chondro-sarcoiiia, ostco-sarcoma, lipo-sarcoma, and myo-sarcoma may 
be employed. Tumours composed of undifferentiated cells are usually 
described according to the predominating type of cell, e.g., round-cell, 
spindle-cell, mixed-cell. 

Naked Eye Appearance. There arc so many forms of sarcoma that 
no general statement can replace the detailed description of individual 
types. In general, however, it may be said that most sareomata form 
bulky, soft tumours of fleshy appearance and great vascularity.' Other;, 
such as fibro-sarcoma, however, arc linn and relatively pale, and sar¬ 
coma arising in bone may be calcified, even to ivory hardness. They 
are not cneapsuled, and invade surrounding tissues freely, although 
they may be limited temporarily by such structures as periosteum 

or cartilage. Since the 
blood vessels of a 
sarcoma have thin walls 
and arc ill-supported, 
there is a great ten¬ 
dency to luemorrhage. 
Mucoid change and 
other forms of degenera¬ 
tion and necrosis an* 
usual, and lead to 
liquefaction and to the 
formation of spurious 
cysts. 

Microscopic Appear¬ 
ance. A sarcoma is com¬ 
posed of cells of the 
connective tissue type 
embedded in various 
amounts of intercellular 
matrix. Spindle- 
shaped and round cells 
may be present, and in 
rapidly growing 
tumours giant cells may 
develop as a result of 
iri’cgular nuclear divi¬ 
sion. The outliiu*s of 
sarcoma cells are usually indistinct, but the iniclei, on the other hand, 
arc clearly defined, and arc usually large, hyperchromatic and vesicular. 
Mitotic figures arc usually present, and may show various irregularities of 
form. A striking feature of most sareomata is the character of the blood 
vessels, which arc large and very thin-walled. Often they arc lined only 
by endothelium, and even this coat may be lacking in places, so that the 
blood flows through irregular clefts in close contact with malignant cells. 

In most sarcomata the predominating cells are spindle-shaped 
{spindh-ceU sarcoma). The cells may be large or small, and in their 
general characters they resemble young fibroblasts. Sometimes the 
tumour is comprised almost entirely of such cells, and intercellular 



Kio. ‘i*. A ini.\t'd-fcU sarciiiiiii of bone. X 275. 
The liiinoiir is highly uolluliir and pleomorphic. It 
eootuins spindle cells, round cells, und giant i,cll.s 
of v'urious size. Note the nuclear hyperuhroma- 
tosis. The capillary vessels of the tumour were 
thin-walled and many of them were supported only 
by tumour cells. 

(iMbomUiru of Jioyiil College of J'hjffiriani: of Edinburgh ) 
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substance is lacking. Such cellular tumours arc usually very nialignanl. 
In other examples the intercellular substance is more abundant and 
contains collagen fibrils (fibrosarcoma). Occasionallj' a sarcoma is 
composed of such well-differentiate<i cells and matrix that the distinction 
from a simple fibroma, or even from granulati<*n tissue, may be made 
only with great difiiculty. 

Other sarcomata are composed principally of small round cells. 
Most of these are lymphosarcomata, tumours which arise in lymphoid 
tissue, and differ in many respects from other sarcomata (see p. 257). 
Other sarcomata are described, but recent researches show that they 
are extremely rare, and that most tumours formerly so classified are 
ly 1 nphosarcomata. 

Many other varieties of sarcoma arc rt'cognized, according j^o s]iccial 
features of the cells or of the* intercellular matrix—for example,' chondro¬ 
sarcoma, osteo-sareoma, myxo-sarcorna, and lipo-sareoma. These are 
described on other pages. 

PAPILLOMA 

A ]mpilloma is a siinple epithelial tumo»ir which projects.from an 
epit helial surface. Although essentially an epithelial strueturcf it always 
inelud('s connective tissue elements, which form a core, simple or 
branching, containing lymph and blood vessels. It appears as though 



Fig. ‘ 23 . Papilloma of the skin. 

{iMloratory of Royal College of Physievani of EditU/urgh.) 

the growing epithelium can demand a connective tissue framework to 
support and nourish it. 

A papilloma may arise from any epithelial surface, and the following 
types may be recognized: (1) from the epidermis, (2) from mucous 
membranes, (3) from duct walls. (4) in certain cysts and cystic tumours. 

Cutaneous papillomata are common in childhood, and arc usually 
multiple, tKe skin of the hands and fingers being frequently affected. The 
growths arc the result of a virus' infection, and after a varying period 
tend to disappear spontaneously. Venere al p apillomata, which affect 
the skin ol the genital organs, arc also of infective nature. As Cathcart 
suggested in 1897, they are not due to gonococci, and there is evidence 
to suggest that they arise from some form of filter-passing organism. 
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A papilloma arising from epidermis or from any squamous cell 
membrane, such as the mucous membranes of the tongue, mouth, 
larynx, oesophagus or vagina, is composed of a core of connective tissue 
surmounted by squamous epithelium. The cpitheliiun may resemble 
the normal tissue, but often presents variations, such as undue thicken¬ 
ing of the rete Malpighii or of the stratum ccrneum. 

Villous papilloma of the bladder and renal pelvis forms a special 
type of tumour. It reproduces the transitional epithelium of the 
urinary passages, and consists of connective tissue cores surmounted by 
a few layers of rounded or oval cells. It is composed of innumerable 
filamentous processes of great delicacy, and, since the stroma is vascular, 
it is very apt to cause profuse haematuria. It frequently recurs 
after operation, and may eventually prove malignant {see also p. 649). 

A papilloma is common in the large intestine, and may occur 
in the stomach, small intestine or gall-bladder. It is composed 
of columnar cells on connective tissue cores, and it is usually 
pedunculated. Since the columnar cells tend to reproduce to some 
extent the glandular structure of the alimentary tract, the papilloma 
is somewhat complex, and often is of the nature of pedunculated 
adenoma rather than a papilloma. In the colon these growths are 
apt to become malignant. It is interesting to note that in Egypt 
schistosomiasis frequently gives rise to multiple outgrowths in the 
bladder and rectum indistinguishable from true papillomata and 
equally liable to malignant change. 

Papillomata arising from the ducts of .glands occur with great 
frequency in the breast, in association with so-called chronic mastitis. 
They are described in more detail in the chapter on diseases of the breast. 
Similar papillomata are very common in the biliary tract of rabbits, 
where they form multiple columnar-cell outgrowths from the walls 
of the intrahepatic bile ducts. The peculiar interest of this 
condition lies in the fact that it occurs only in rabbits affected by 
eoccidiosis, and that the oocysts of the parasite may be seen closely 
related to the tumours—a striking example of new growths due to 
parasites. 

Papillomata arising in,cy|^t yvralls arc seen most frequently in cysts 
in the breast and ovary, but may occur in other regions. The cysts 
referred to are not simple distension cysts, but depend primarily 
upon proliferation of their epithelial lining cells, and it is consequently 
not surprising that in some cases the proliferation takes the form of 
intracystic projections in place of simple enlargement of the cyst. In 
some cases the presence of intrawstic papillomata is an indication of 
eqriy or potential malignancy—the papillomata are the first evidence 
of the ability of the cells to grow atypically. Thus in the ovary a 
papilliferous cyst is considerably more liable to malignancy than a 
midtilocular cyst. 

ADENOMA 

An adenoma is a simple tumour derived from glandida^^spithelium. 
Like a papilloma, it also~'cohtains connective tissue which serves to 
support and nourish the epithiSfial~eI^ejSts. ~ The connective tissue 
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varies greatly in amount and character. It may be delicate and more 
vascular or fibrous and less vascular. When the stroma preponderates, 
as in many breast tumours, the term fibro-adenoma may be used. 

An adenoma tends to reproduce with some degree of exactness the 
glandular structure of the parent tissue, and indeed some adenomata, 
e.g., in the breast or thyroid, can be distinguished only with difficulty 
from the normal glands. Moreover, the cells of the tumour may 
function ; adenoma of the thyroid gland contains colloid material and 
may produce thyroxin ; adenoma in the gastro-intestinal tract 
secretes mucus. Since the tumours possess no properly formed ducts, 
the secretion may remain impounded in the acini and form cysts, e.g., 
in the breast, thyroid, and ovary. The epithelial wall of such a cyst 
may continue to proliferate and may give rise to intracystic projections 
of'the character of papillomata. These arc particularly common in 
(^arian cystic adenomata. An adenoma lying close to a free surface 
tends to project therefrom, and may eventually become pedunculated. 
This is very apt to occur in the gastro-intestinal tract, and the 
pedimculatcd tumour may subsequently initiate intussusception. 

Adenomata do not appear to bear the same relation to chronic 
irritation as do papillomata, but, on the other hand, in a number of 
cases seem to be associated with some developmental disturbance, 
when they possibly originate in glandular cells dislocated from their 
normal environment. Foetal adenoma of the thyroid gland appears to 
arise in this way, as do adenomata of the colon, which, furthermore, 
have a familial incidence. 

An adenoma may arise from any glandular tissue in the body. It 
occurs most often in the j3reast, pvary, thyroid, and glands of the alimen¬ 
tary tract. More detailed description of individual types is found in 
the chapters devoted to these regions. 


CARCINOMA 

This is the commonest form of malignant new growth, and is the 
form usually indicated by the term “ cancer.” Its frequency may be 
judged from the fact that more than 10% of those who reach the age 
of thirty-five years eventually die of cancer. 

Carcinoma differs from sarcoma in several respects, which have 
already been alluded to : (1) it occurs generally later in life. The 
incidence rises steeply in the fifth and sixth decades, and most cases 
occur at this time of life. Often the age incidence of cancer coincides 
with the period of functional senescence of the affected tissue, e.g., the 
breast, uterus, prostate. (2) Carcinoma usually grows less rapidly than 
sarcoma, and does not disseminate at such an early stage. There 
are exceptions to this general rule, however, notably the case of melanotic 
carcinoma, whicli often grows rapidly and disseminates early. (8) Carci¬ 
noma tends to spread fii^t and principally by the lymph vascular 
system and only later invades the blood stream. (4) Microscopically a 
carcinoma is composed of cells of epithelial type, which tend to be 
grouped together in masses or columns. The individual cdb lie closely 



86 


TUMOURS 


apposed to each other, with no intercellular matrix. Occasionally, 
however, carcinoma cells growing rapidly become spindle-shaped 
like the cells of a sarcoma and may lie singly in the stroma. 

The amount and character of the stroma varies greatly in different 
tumours and in different jiarts of the same tumour. When in large 
amount and composed of tough fibrous tissue it gives the tumour a 
hard (scirrhous) character, and since the fibrous tissue shrinks the 
tumour is usually of small size. Scirrhous tumours are common in the 
breast, stomach and colon. In the alimentary canal the fibrous con¬ 
traction may give rise to a ring stricture. 

Occasif)nally, as in the “ leather-bottle stomach,” excessive stroma 
appears to strangle the epithelial cells, which are then identified with 
difficulty. Apart from such rare instances, however, scirrhous tumours 
are no less malignant than other types, and often tend to infiltrate 
widely. 

A carcinoma with scanty stroma is commonly larger and softer 
than scirrhous growths, and sometimes it merits such a title as 
encephaloid or medullary. Often a tumour is scirrhous in some parts 
and encephaloid in others. The metastascs from a scirrhous tumour 

arc often of cncepha- 



loid type. 

Three principal 
types of carcinoma 
may be recognized: 
(1) squamous-cell car¬ 
cinoma ; (2) basal- 

ccll carcinoma; 
(3) glandular car¬ 
cinoma. 

(1) Squamous-cell 
Carcinoma {squamous 
epithelioma). Tu¬ 
mours of this class 
may arise from the 
skin and its append¬ 
ages or from the stra- 
tified squamous 
membranes of the 
upper air and food 


Fio. 20. Squainous-ecll oarcinomu (epithelioma) of the 
skill. On the right there are numerous rounded 
masses of malignant cells, some with cell nests. 
Note the hyperplasia of tile epidermis close to the 
tumour. 

{lUpartmttU of Surgery, Vniversity of Edinbwgh.) 


passages and the vag¬ 
ina. They may also 
arise by a process of 
metaplasia from 
other epithelia, e.g., 
from the transitional 


epithelium of the urinary tract and the columnar-cell membranes of 
the gall bladder, uterine neck, etc. 

Squamous-cell cancer may develop spontaneovwly in previously 
normal skin, but it is particularly liable to occur at parts that have, 
during a long period, been subjected to some form of irritation. The 
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irritation may have been mechanical, thermal, chemical, or bacterial, 
or have resulted from various combinations of these agencies. It is 
therefore common for cancer to follow eczema, warts, or hyperkeratosis 
of the skin, and in such cases the site and character of the skin lesions, 
and the cancer that follows them, arc usually determined by occupations 
that involve exposure to chemical or other irritants. Thus, in irradiation 
cancer, the backs of the fingers, from neglect of j>rotection, arc usually 
affected ; in tar and pitch workers, chimney sweeps, and mule spiniu'rs 
the scrotum is affected. In addition to the above predisposing or 
precancerous factors may be mentioned chronic ulcers, cutaneous horns, 
the scars of burns and of lupus, and psoriasis patches. In lupus 
carcinoma exposure to X-rays often appears to have been the deter¬ 
mining factor, and in psoriasis a prolonged ap])lication of aisc'uic often 
seems to be responsible. 

There arc two clinical types of squanious-eell cancer : (1) the 
j)apillary, and (2) the ulcerating. 

The papillary type takes the form of a wart or nodule of variable 
size with a broad base. Ulceration tc'uds to occur at the surface of the 
growth, and as a result dry crusts are formed on it. Hcncath the crusts 
the tumour is pink in appearance, and is indurated. 

The ulcerating type causes an irregular breach of the surface of the 
skin. The edge of the ulcer is firm and indurated, and its b.ase is hard 
and granular, 'riiere may be considerable penetration itito the sub¬ 
cutaneous tissues. On the face the ul<*(‘r may originate in a small red 
pimple, which grows rapidly and breaks down to form a slightly raised 
crateriform ulcer. 

Microscopically, a squamous-cell carcinoma is composed of mass(‘s 
of angular cells in solid clumps with bud-like jjroeesses extending 
irregularly into the subcutaneous tissues, or tlie cells may be 
arranged in whorls in which the characteristic cells surround cornified 
epithelium {epithelialpearls or cell nesUi). The latter appearance indicates 
a high degree of cellular differentiation, and consequently a relatively 
low grade of malignancy. In some gr()wths fibrils or spinous processes 
connect the cells; hence the name acanthoma or prickle-cell tumour. 

A squarnous-cell ca.ncer of the skin spreads by direct infiltration of 
adjacent tissues. 'Pbe rate of growth varies in different eases and accord¬ 
ing to the age of the subject, and the charatder of the tissues which 
surround it. Generally, warty growths tend to be less aggressive than 
ulcerous growths. 

After a variable period the growth tentls to metastasize to the 
regional lymph glands, which become enlarged. Visceral metastjiscs are 
uncommon. 

At some sites, especially the nasopharynx and tonsil, squamous-cell 
carcinoma may show marked anaplasia. The stroma is composed of 
cells of sarcomatous character (usually lymphosarcoma), so that the 
tumour has blended the features of carcinoma and sarconja— carcino¬ 
sarcoma or lympho-epithelioma. 

Squamous-cell Cancers at Special Sites. Cancer of the penis starts 
on or just behind the glans, less often on the inner aspect of the 
prepuce, and very rarely in the skin of the body of the penis. In many 
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l'’iG. 27. Busul-ocll carcinoma (rodent ulcer) of the 
Hkin. X 75. The tumour is composed of large 
circumscribed masses of epithelial cells, the outer 
layers of which are of typical basal-cell character. 
The tumour is covered by a thin layer of skin. 


instances the growth 
begins in a wart, an 
old scar, or a pa^di of 
leucoplakia. Phimosis 
and chronic balanitis 
frequently precede the 
development of cancer 
at this site, and must 
be regarded as predis¬ 
posing factors, because 
the occurrence of can¬ 
cer is extremely rare 
i u the circumcised. 
Occasionally a glandu¬ 
lar type of cancer 
occurs and probably 
originates in the glands 
at the corona or 
frenum. 

The growth is 
usually of a flat papil¬ 
lary or cauliflower type 
and may reach con¬ 
siderable size before 


ulceration occurs. The growth is pinkish-red in colour and it is firm 


and hard. At first it remains confined to the glans penis, but later it 
perforates the fibrous envelope of the corpora cavernosa and infiltrates 
the erectile tissue. The urethra is 


seldom invaded. Metastases occur in 
the inguinal lymph glands on one or 
both sides. * 

A carcinoma of the penis is usually 
concealed behind a tight prepuce; 
therefore its presence may only be 
suggested by the club-like enlargement 
of the organ, or by the offensive dis¬ 
charge or bleeding to which it gives 
rise. 

Lupus cancer may develop at the 
margin of the ulcers of lupus, or in 
the thin scars which follow healing. 
Many years may elapse after healing 
before the appearance of the growth. 

A lupus carcinoma is usually of an 
exulwr^t ,.Qr cauliflower type and 
grows slowly, and like other cancers 
whicli develop in scar thsue it has 
little tendency to spread to the lymph 
glands, as the intervening chamids are 
obliterated by fibrosis.. In advanced 



Fio. 28. Basal-cell carcinoma (ro¬ 
dent ulcer) in'a man aged eighty- 
two years. 

(AfiMSKm of of Svrgmm, 
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stages the subjacent bones may be extensively involved by direct spread 
of the tumour (Fig. 85). 

Lupus carcinoma frequently develops at an earlier age than other 
forms of squamous-cell cancer of the skin. Its development often 
appears to be precipitated by irradiation by X-rays or radium. 

\/Coficer in chronic tUcers of the skin occurs rarely. The growth usually 
appears at the edge of the ulcer. It takes the form of a hard, granular 
excavation which spreads very slowly in the surrounding skin and 
subcutaneous*tissues, and may finally penetrate tlie adjacent bones. 
Spread to the regional lymph glands is a late occurrence because the 
lymph vessels have 


usually been obliterated 
by long-standing 
chronic lymphangitis. 

Chronic leg ulcers, 
though very common 
lesions, are only rarely 
the se^t of carcinoma. 

.^(9) Basal-cell Carci¬ 
noma (rodent ulcer). 
This is an ulcerating 
tumour arising from the 
basal cells of the skin 
or from cells of similar 
derivation in hair 
follicles and sweat 
glands. It occupies a 
piosition intermediate 
between simple and 
malignant growths, for 
though locally invasive 
and destructive it ex- 



Fjc.. 20. Basal-cell carcinoma ; rodent ulcer. Iligh- 
pf»wer photograph of the edge of the tumour. X 4.W. 
The tumour consists of masses of epithelial cells 


tends very slowly and ix>unded by a single palisade row somewhat resem- 
, . - . ^ . bling the ba.sal layer of the epidei mis. 

does not metastasize. ^ ^ 

, , . (ijuborcUorf/ of HotftU College of Physteians of JSdinburgh,) 

It rarely occurs before 

middle age, and males are affected more often than females. In the 
great majority of cases the tumour .arises in the skin of the face, 
especially in close proximity to the medial or lateral palpebral com¬ 
missure or in the naso-labial fold, less often in the frontal and temporal 


regions of the scalp.’,' Tumours of similar character arise occasionally 
in the skin of other parts of the body, and sometime in the 
squamous-ccll mucous membranes, such as the tongue, pharynx and 
cesopEagus. 

At its inception the tumour lies deep to the epidermis, and at this 
stage may appear as a firm red papule or as a flat, slightly raised plaque. 
At an early stage, or rarely after a considerable period, the superficial 
epidermis gives way, and the growth then takes the form of an ulcer. 
Rarely two or three such ulcers may coexist. 

"Tthe appearance of rodent ulc« is characteristic. The s|u^e is 
red and granular, and when small is usually covt»ed by a dhy crust or 
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scab, {Thr edge may be srnootli, regular, and cleanly cut, but often is 
slightly rolled” or beaded./ It is not raised and thickened to the same 
extent as in a squamous-ecll carcmorna. Around the edge and at the 
base of the ulcer there is generally a moderate amount of induration, 
f Occasionally at one edge ttie erosion may be arrested temporarily, and 
; a thin pellicle of young epidermis may grow in from the margin. Such 
a healing process is always very limited in extent and temporary, 
however, and in untreated eases it never prevails. 

Tlie spread of a basal-cell carcinoma is slow, but pre^essive. At 
first the tumour extends mainly at the expense of the surrounding skin 
and subcutaneous tissue, but later it involves dccjjer structures, wliieh 
it invades, erodes and destroys. The regional lymph glands may 

enlarge as a residt of 
superadded infection, 
but metastases do pot 
occur.' In a few well- 
authcnTicated cases 
malignant change has 
sujKjrvencd, Such a 
change may follow 
inadequate irradiation 
therapy. 

Microscopically, a 
basal-cell carcinoma is 
(‘omposed of epithelial 
cells disposed cither in 
large, somewhat 
rounded mass(‘s, or in 
narrow columns and 
processes. Between 
and around the masses 
of cells is a stroma of 
richly eclluLar fibrous 
tissue, which is often 
infiltrated with lym¬ 
phocytes and other 
inflammatory cells as 
a result of superadded 
infection. At first the tumour is covered by a thin layer of epidermis, 
and it is sometimes possible to trace a connexion between the deep 
surface of this layer and the epithelial cells of the tumour. Later, when 
the growth is ulcerated, the thinned-out epidermis is only visible at 
the edge. 

The epithelial cells at the periphery of the cell masses are of low 
columnar shape, and are arranged in a single palisade layer, some¬ 
what like the basal layer of the epidermis. The remainder of the cells, 
deep to this layer, are smaller, and polyhedral in shape. 

A basal-cell carcinoma containsjno cell ne sts and. few prickle cells, 
an important feature which distinguislies it from squaraous-ccll car¬ 
cinoma of the skin. Usually the cell masses are solid, , but occasion- 



Fic. <‘I0. A (‘oliiniiiiir-ccll adoiuH'iircinoiiiii of the 
breast, x 100. The acini var>' in size and sliape. 
They are lined by euhiinnar cells, which in places 
are several layers deep. The supporting stroma 
is scanty and the blood vessels arc thin walled. 

(Laboratory of Royal CnUetje of I'hysiciatiK of 'Edinburgh.) 
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ally there is an irregular adenomatous appearance, and degenerative 
changes may lead to tlie formation of small cystic si>aces. 

The origin of a ba.sal-c<‘ll carcinoma is generally believt'd lo be from 
the basal cells ol the epidermis, but the adenomatous arrangement 
sometimes present has suggested that in some eases the epithelium of 
sweat glands or hair (bllieles provides a starting ).)oint. In view of the 
close morphogepetic relationship of these structures such a view appears 
quite reasonable. 

(3) Glandular Carcinoma. This term is generally held to include 
tumours arising from 
columnar or cubical ei;l|s of 
rn u c o u s membranes a ii d 
ducts as well as from tht; 
glandular elements themselves. 

Glandular eareinoma 
occurs in many parts of the 
body. It is commonest in tlu; 
breast, stomach and large 
intestine, but may oceui- iii 
other parts of the alimentary 
tract, for example, the gall 
bladder, pancreas, liver, and 
in such organs as the ovary, 
uterus, prostate, kidney, 
adrenal gland and thyj-oid. 

The cells of a glandiilar 
carcinoma may differentiate 
to the extent of reproducing, 
to greater or less degree, the 
acini of the gland, or tluy 
may form solid masses with no 
glandular architecture. Thus 
two types may be recognized : 

(1) adenocarcinoma, in which 
there is some tendency to the 
formation of acini; and 

(2) spheroidal cell carcinoma, 
recognizable. 

Adenocarcinoma is commonest in the alimentary tract, but may 
occur in the other organs mentioned above. The acini arc but imperfect 
reproductions of the glands from which they are derived, and they show 
many deviations from the normal. They vary greatly in size, and since 
they possess no ducts for evacuation of their content they become 
dilated with retained secretions, epithelial debris, etc. The lining 
membrane is no longer formed of a single layer of cells, but may be 
many cells deep, and having no basement membrane the cells tend to 
invade the subjacent stroma. The individual cells have the charac¬ 
teristics of malignancy and are large and deeply stained, and often 
show mitotic figures. 

In some glandular tumours, e.g., the ovary the thyroid, and oecasion- 



Fi(j. 31. Sphcroiilul-ccll carciiioiiiii of tin* 
h roust. 

(,J>eparl)iieia of 1‘iilhulnijji, I'niienitfi of (Jlaiigotr ) 


ill which no <rlundular structure 
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ally the breast and kidney, the cells have a papillary arrangement— 
papillary adenocarcinoma. 

In spheroidal-cell carcinoma the cells are arranged in solid, round, 
circumscribed masses with no glandular formation. This type of tumour 
occurs most often in the breast, less frequently in other glands. By 
mutual pressure the cells may assume polygonal shape. 

Mucoid (Colloid) Carcinoma. This type of growth occurs most 
often in those regions where mucin-forming cells are normally present 
in large numbers, c.g., in the stomach, colon, gall bladder, but they may 
occur elsewhere, for example, in the breast. The epithelial cells produce 
large quantities of mucin, which first distends the cells and then 
escapes into the intervening matrix. Eventually the greater part 
of the tumour may be replaced by mucin. The tumour is usually 
massive, with a characteristic scmi-translucent appearance, and of 
soft, jelly-like consistency. Microscopically, the malignant cells are 
scanty, and of degenerate appearanee, and the great bulk of the 

tumour is composed 
of clear gelatinous 
material. 

Mucoid carcinoma 
is generally believed 
to result from degenera¬ 
tive changes which 
may occur in any form 
of glandular carcinoma, 
but in certain features 
it differs entirely from 
ordinary forms of de¬ 
generation. Mucin is 
the specific secretion 
of the cells, and it 
occurs in metastases as 
well as in the primary 
tumour. Moreover, it 
has been shown in 
animals that the poten¬ 
tiality for this change 
may be transmitted 
through many genera¬ 
tions of tumour. It 
is often stated that mucoid degeneration is an index of a relatively 
low grade of malignancy, but there are many exceptions to this rule.. 
In the breast, it is true, most mucoid carcinomata grow slowly and 
metastasize late, but occasionally breast tumours of this type are 
extremely invasive, and mucoid carcinoma of stomach, gall bladder 
and bowel tend to grow rapidly and spread widely. 

\>4iu(£d tumours 

. On previous pages it l^as been shown that practically all epithelial 
tumou», innocent or malignant, possess a stroma of connective tissue. 



Fio. 32. Mucoid cancer of the colon. Scanty epi¬ 
thelial cells lie in small groups separated by large 
quantities of mucoid material. 

(Departmtnt of Surgery, Vniversity of Edinburgh.) 
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The term “ mixed tumour,” however, refers only to those growtlis in 
which both types of tissue are integral parts of the tumour, and parti¬ 
cipate equally in its neoplastic character. 

It is believed that all the cells of a mixed tumour have a common 
ancestry from a single cell of embryonic type, which has retained its 
primitive capacity for producing different kinds of tissue. It is obvious 
that the more primitive the cell the greater its potentialities, and so 
there may be (1) multipotent cells capable of producing various kinds 
of mesodermic tissue (cartilage, muscle, bone, fibrous tissue, etc.) wftli 
or without glandular elements, and (2) totipotent cells capable of 
producing any or all types of cell or tissue. 

Tumours arising from multipotent cells occur most often in the 
kidney and the testis and ovary, and are considered in detail in the 
chapters devoted to those organs. A tumom derivtxi from totipotent 
cells is generally known as teratoma, less often an embryoma. 

Teratoma. This term should be restricted to tumours derived from 
totipotent cells, and should not be used to include mixed tumours of 
less complicated type, such as occur in the kidney or salivary glands. 

There are two distinct classes of teratoma: (1) those recognizable 
at birth, and usually situated close to the surface of the body; (2) those 
appearing after birth or in adult life, and usually affecting internal 
organs. 

A teratoma recognizable at birth represents incomplete uniovular 
twins. It is usually situated in the sacro-coccygeal region, and 
projects on the surface of the autosite. Sometimes it takes the form of 
complete limbs or of parasitic twins in various degrees of perfection. 
The most extreme examples are the fully formed conjoined twins, 
which may be regarded as mutual teratomata. In other cases a con¬ 
genital teratoma is a shapeless mass containing in iiTegular confusion 
a great variety of tissues or portions of organs. Such masses are com¬ 
monest in the sacral region but may occur in the region of the upper 
jaw, and the term epigrwihus may then be applied. 

A teratoma developing after bjrth or in adult life is found most 
often in the ovary or the testis, but it may occur in other situations, 
for example, the brain, mediastinum, or the retroperitoneal tissues 
{extragenital teratoma). It has been suggested that it ari.ses from partheno- 
genetic development of germ cells, but it seems more probable that 
the origin is from blastomeres, or from undifferentiated germ cells, 
totipotentiai cells derived from the early embryo, w'hich have been 
sequestrated or remained inactive during development. 

The tumour may be either solid or cystic, and it may contain 
,^issues derived from all three embryonic layers. ^Stratified squamous 
epithelium, sebaceous glands, hair follicles and enamel organ^ lie 
irregularly disposed among masses of cartilage, bone, and muscle; and 
various gland-like structures lined by columnar epithelium are also 
present. Even Langhans cells and the sync^tiuQn q£,|Jaorionic epithe¬ 
lium occur, and occasionally they may constitute the greater part of 
the tumour, even when it is situated in the testis. 

Ovarian teratoma is often cystic. It is sometimes known as 
ovarian dermoid, for it may resemble an inclusion dermoid cyst. 
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There is a large cavity containing hair and sebaceous matter, and pro¬ 
jecting from the wall of the cavity may be a hard plaque covered with 
skin and often containing teeth. An ovarian teratoma differs from 
inclusion dermoids in p{)sscssing tissues derived from all the three 
primary layers, and in addition to skin derivatives it contains muscle, 
cartilage, glandular structures, and even thyroid tissue and nerve (ells. 

Teratomata are not necessarily malignant tumours, and some of 
them, especially those situated in the ovary, remain stationary for 
many years or only enlarge by the distension of their cystic spaces. 
Others, however, notably teratomata in the testis, are usually very 
inalignant. The malignant change may affect one or several of the 

constituent tissues, 



though not always in 
equal degrees. 

TUMOURS DERIVED 
FROM NERVE TISSUE 

Tumours of nerve 
tissue may arise in the 
central nervous system, 
in peripheral nerves, in 
the trunks and ganglia 
of the autonomic sys¬ 
tem, and in various 
tissues such as the ad¬ 
renal medulla, which 
ar<‘ closely allied deve- 
loprncntally and func¬ 
tionally to that system. 

In the brain and 


Fir. .‘{.*1. Ganglioiiouronia. x UOO. The tiiniour 
was situated in tiie rotrnjicritoncal tissue. Note 
the characteristic ^aiifflion cells, unipolar and 
tiipolar. Nerve fibres also arc jircscnt, and small 
cells of ncurilcmiim type. 

(Laboratory o] Hoyal College of Phiis’rians of Bflinburgh.) 


Spinal cord the common 
tumours arise from the 
supporting fabric (neu¬ 
roglia) and only very 
rarely from tin* nerve 
cells. Gliomata pre¬ 


sent many different types, according to the degree of differentia¬ 
tion of the predominating cells, and they may grow slowly or with 
extreme rapidity. They arc considered fully on p. 277. True 
tumoure of the peripheral nerves are extremely rare. It is possible that 
the acoustic neuroma is a true tumour of nerve tissue, and ils charac¬ 


teristics are considered in detail on p. 284. The tumours commonly 


called neurofibroma or false neuroma are not derived from nerve 


tissue but from the neurolerama sheaths of nerves. The so-called 


amputation neuifpma or stump neuroma is merely hyperplasia of the 
cut nerve fibres p. S21). 

Tumours of autonomic nerves form an intere.sting group of new 


growths, which have been more clearly recognized in recent years. 
Formerly they were confused with sarcoma, to which they bear great 
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resemblance. They arc the commonest malignant tiuuour.s in infants. 
Tumours of this class arise from the ganjflia of the autonomic system 
and they are most comnAnly situated in the retroperitoneal tissue 
and in the mediastinum. Tliey arise not from neuroglia but from the 
embryonic nerve cells (sympathicoblasts). Most often the cells are 
of immature type, hardly recognizable as nerve cells, and the terms 
sympaihicohlastoma or neuroblastoma may then be applied. Such 
tumours commonly occur in infants or young ehililreii, and grow rapidl> 
and metastasize widely. Less commonly the cells are fully tlifferentiated 
and resemble the ganglion c<'lls of the autonomic system. Such 
tumours, ganglioneuronui, take a benign course'. Either neuroblastoma 
or ganglioneuroma may also arise from the adrenal medulla, a tissue 
closely related in origin and function tt) the autonomic nt'rvous system 
{s€e p. 601). Tumours similar to a neuroblastoma may arise in the 
retina from the primitive cells of the central nervous system. They are 
usually of familial incidence and arise in infancy or early ehildliood. 

Ill recent years certain tumours havi' bi'cn described which are 
believed to take origin in chromalhn tissues in varioiif. parts of the 
body. The most outstanding examples of such tumours, which have 
been termed paragauglionia, are the tumour of the carotid glomus, 
and the chromalTinorna of the adrenal medulla. 


TUMOURS DERIVED FROM ENDOTHELIUM 

Until the last decade endothelial tumours were gi'iierally believed 
to be of common occurrence, but with stru-ler jiathologieal criteria 
in the recognition of endothelial cells it is now clear that this w'as 
a mistaken view. Endothelium forms the lining membrane of blood 
vessels and lymph vessels, and thepk'ura, pericardium and peritoneum. 
But with the exception of haemangioma and lymphangioma, primary 
tumours of these tissues are extremely rare. Tumours of the pleura or 
peritoneum, for example, are almost invariably secondary to some 
growth, perhaps of very small size, of the underlying viscera or in 
distant situations. And the so-called dural ci\dothelioina is now 
believed tc» arise from the arachnoid mater, which is not considered to 
be an endothelial structure. 

Tumours of the endothelium of blood vessels and lymph vessels are 
described on p. 255 and 256. 

^MELANOMA 
PHYSIOLOGY OF PIGMENTATION 

The dark races owe the colour of their skin to the pigment melanin, 
and in them it affords proti'.etion for the underlying structures against 
the powerful rays of the sun. The pigment is most abundant in the 
basal layers of the epidermis, but it may be present as h^h as the stratum 
granulosum or even the straturn comeum. In the fair races 
pigmentation is present only in the skin of the nipple, the axilla and the 
ano-geuital region ; but in the foetus the basal layer of the skin in other 
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parts of the body is pigmented and becomes depigmented soon after ' 
birth. The capacity for pigmentation, however, is retained in adult 
life, and under the action of intense stinlight or ultra-violet irradiation 
the skin becomes brpnzed or freckled, and it is then noted that the deeper 
layers of the epidermis acquire melanin pigment, and that the stratupi 
corneum becomes deeper. As the sunburn or freckling disappears the 
cells slowly give up their pigment. In the pigmented basal cells 
melanin is distribute in the form of brown or black granules of fairly 
uniform size which are aggregated around the upper pole of the cell 
nucleus. 

In the basal layer there are, in addition, pigmented cells of a dendritic 
type, and these are present in greatest number when a stimulus to 
pigment formation, such as sunlight. X-rays, or ultra-viblet radiation, 
is applied to the skin. As transition forms between this type of cell 
and the ordinary basal cells can be traced, it is believed that they are 
derived from normal basal cells, and that the assumption of dendritic 
processes is evidepce of an active phase of pigment formation. Their 
origin from basal cells is Mso substantiated by their specific staining 
qualities (see below). 

Pigmented cells of somewhat similar appearance are also found 
constantly in the dermis, ^specially around the blood vessels.' The 
origin and function of these cells has given rise to considerable discussion. 
From their peculiar staining affinities it is believed that they arise from 
the connective tissue of the corium, and that they are not specifically 
concerned with the elaboration of melanin, but with its disposal, and 
for this reason they have been termed chromatophores. The pigment in 
the cells is in the form of irregular globules, and it is believed that they 
acquire it from the epidermis. 

Apart from the skin, melanui occurs in the pigmented structures of 
the eye (retina, chorioid, iris, and ciliary body). In the central nervous 
system it is found in the substantia nigra and, in varying amounts, in 
the meninges. 

Melanin is the only pigment normally found in the skin of man. It 
is elaborated by cells of the epidermis, and the cells with tliis property 
are known as melanoblasts. Melanin contains no iron in its complex 
molecule, and haemoglobin plays no part in its'formation; sulphur is 
present, probably only as an impurity. The ultimate source of melanin, 
like adrenalin, is ty jqMn . VJn lower animals, melanin is formed in the 
cells of the epidermis directly from tyrosin, through the action of 
a ferment or oxydase— tyrosinase'!!'^ In higher animals, however, the 
process is more complicated, and before reaching the pigment-forming 
cells, tyrosin is converted into a colourless chromogenic substance 
known as dihydroxyphenylalanine (D.O.P.A.).; This substance, on 
reaching the pigment-forming cells, is converted to melanin by a specific 
intracellular ferment, called by Bloch dopa-oxydasep 

The oonvorsion dopa into melanin in the rhelanoblasts may be 
demonstrated in vitro*' Bloch demonstrated that sections of skin soaked 
in a solution of dopa showed deposition of melanin in only those strata 
in which pigment form^on nonnally occurs (viz., the deeper layers 
of the epidermis), and tms behavioui' of the skin is known as the dopg. 
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reaction^ It is likely that the dopa reaction resembles very closely, or 
is identical with, the nmmal process of melanogencsis. The reactioi\ 
is only evidenced in those cells in which dopa-oxydase is present, 
in cells that arc melanoblastie, actively or potentially; and tlic 
results suggest that melanin formation is almost entirely a function of 
tissues derived from ectoderm, and of the skin in particular. 

When dopa is applied to frozen sections of human skin the basal 
layers become blackened, due to the deposition of granules of melanin 
in the cytoplasm of the cells, and the intensity of pigment production 
coincides with the existing amount of pigment })r(‘sent in the skin 
examined. The dendritic cells of tju* epidermis, rt'fcrrc'd to above, also 
show' a positive dopa reaction, butVthe [)igmcntcd branched cells of the 
cojium (melanophores) are dopa 
fiegativei^ This observation is 
held to prove that the , melano- 
phorcs arc not of epidermal 
origin, and that they do not 
produce, but merely carry pig¬ 
ment) 

In some pathological stales 
there may be generalized or 
localized diminution of pig¬ 
mentation of the skin, in others 
there may be an increase. In 
albinism, there is total absence 
of melanin from the skin, hair 
and eye, and the dopa reaction 
of these structures is negative. 

In vitiligo, the reaction is nega¬ 
tive in the depigmented areas of 
the skin, and is strongly positive 
in the adjacent zones of hyper- 
pigmentation. In Addison’s 
disease, brown pigmentation may 
be uniformly distributed 
throughout the skin surfaces 
of the body, or it may be 
relatively excessive in certain 
areas. It is believed that the precursor of adrenalin is identical with 
dopa, and that when the suprarenal glands are diseased they are 
unable to utilize their normal quota of the mother substance ; therefore, 
it is surmised, the pigmentation of the skin is evidence of a compensatory 
action of the melanoblasts to utilize the excess of chromogenic substance 
in 4;he body. Accordingly, the dopa reaction of the skin in Addison’s 
disease is weak, because the dopa oxydase has already been utilized in 
the formation of melanin pigment, 

TYPES OF MELANOMA 

A melanotic tumour or melanoma arise$|p^ost often m the ffkin, 
ran^ in the eye or in other parts'of the body. It is usually present at 

«. MCB. " . 4 



Fio. Syiimietricul mehiiiuiiiu of front 
of CtiCht. 

{Museum of Hatful College of Sufijeons uf fSiliiiburgh.) 
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birtjj, and the term nieyus (Latin: ncevus —a birthmark or blemish) 
may be applied to it; less commonly, it becomes obvious about puberty, 
or in adult life. There is evidence that a melanoma may result from 
trauma. 

A congenital melanoma is represented in simplest form by a hat 
or slightly raised pigmented spot or macule. When more pronounced it 
may take the form of a warty, pedunculated, or hairy mole. Sometimes 
tumours of this class are very numerous and may be disposed in 
groups or in irregular lines (systematized and linear melanoma). 
Occasionally they form large diffuse patches, sometimes distributed 
symmetrically on the trunk or limbs (giant melanoma). The “ bath¬ 
ing trunk ” pattern of diffuse pigmentation, sometimes found in asso¬ 
ciation with generalized neu¬ 



rofibromatosis, is an exag¬ 
gerated erample of this 
' variety. 

Most melanomata are 
simple tumours and remain 
so throughout life; but some, 
after remaining unchanged 
during many years, may en¬ 
large and show signs of ma¬ 
lignancy ; and occasionally a 
melanoma is malignant from 
its onset. According to these 
modes of behaviour, the 
melanomata may be des¬ 
cribed conveniently under 
three headings: (1) benign 


Fig. 35. Sc(K>ndurj1y pigmented melanoma of 
acanthotic and keratoid tyiies. The pigmen¬ 
tation is eonhned to the epidermis, and 
there are no epithelial cells in the corium. 

(iMboraiory of Royal CoUtgt of Phyiieiani, Edinburgh.) 


melanoma, (2) malignant 
melanoma arising in benign 
growths, (8) malignant mela¬ 
noma arising de novo. 


(1) Benign Melanoma 

Two main types of benign melanoma may be recognized : the 

“ hard ” or secondarily pigmented melanoma ,t^(M the “ soft ” or ncevus- 
cell melanoma. The two types can be distinguished only by histological 
examination, and the essential difference is that in the former type, the 
(^condarily pigmented ip^ilanoma, the pigmented cells lie entirely 
within the epidermishwhercii^n the latter type some of the characteristic 
cells of the tumour. The so-called naevus cells, lie deep to the epidermis 
in the coriuii^ 

**Hai^’* w Secondarily Pigmented Melanoma. This si|^ld be 
regarded as warty growth which is pigmented, and in which the pig¬ 
ment appears to play an entirely subordinate rdfe. It is peduncu¬ 
lated or s^ile and may be discrete or ai^regated. It may 'toise 
from the stratum comeum of the ejndermis {Ueeredoid type), or from the 
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pridcle-cell layer (acanthoUc type). These tumours dififer from other 
Jbrms of melanoma in that th^ seldom become malignant, and that, 
when_^ey do, they give rise to typical squamous-cell carcinoma, ijgt 
to malignant melanoma. ) 

Soft or “ Naevus-cell ” Melanoma. This tumour consists of 
aggregations of cells in the deeper layers of the epidermis as well as in 
the corium. \,The cells in the epidermis are usually elliptical and non* 
fibrilla^d, arid are arranged in groups or cell nests, whicfiTcause expan¬ 
sion of thh rete processes of the epidermis. (' 

I^The cells in the corium are rouQd, mostly non-pigmented, and 
arranged in regular groups or columns. These cells are known as 
ncevus cells and they are characteristic of this type of tumour. The 
najvus cells are separated from one another, and from the epidermis, by 
k variable amount of connective tissue. The cells arc of spherical shape, 
with scanty cytoplasm and a round or oval nucleus which has a definite 



Fig. 3«. Benign nspvus-cell melanoma. Note the groups of naevus cells 
regularly arranged in the upper part of the corium and the tliickcning 
of the overlying epidermis. 

HLahoraturn of Ri/i/al College, of Phgsieiam of Edinburgh.) 


nucleolus and a clear chromatin network. They show a faintly positive 
dopa reaction, and are, therefore, presumed to be capable of melanin 
formation. At the periphery of the columns of neevus cells and in the 
adjacent tissue there are a few pigmented granular cells of branching 
or rounded shape which are believed to be ordinary phagocytic cells 
containing pigment (melanophores). In a few cases of naevus-cell 
melanoma the histological changes are confined to the epidermis. 

The problems of melanoma and the exact origin of the naevus cell 
are very complex and do not admit of dogmatic answers. The histo¬ 
logical interpretations are difficult and uncertain. The various views 
may be classified thus : (1) the nsevus cells are meso^^nal in origin, 
and arise from the ^ndothelium of lymph and blood channels (Von 
Recklinghausen), or .from undifferentiated connective tissue cells 
(Ribbert); (2) ^eyare epjdgr^l in origin, and from specific 
cells—^melanoblasts (Unna, Dawson); and (8) ^ey rekted in their 
origin to the terminal nerve fibres of the c^in (iSoldan, Masson, 
Ewing)."^ 

Dawson, from elaborate histological studies, adduced strong evidence 
to i^hold the epidermal mrigin of the nsevus cell. He was able, from 
a large series of aectiims, to trace the processes by which they arose from 
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localized areas of pigmented cells 
in the deeper layers of the 
epidermis. He stated that, “ the 
process could be traced from the 
localized areas of pigmentation 
of the basal cells, through a 
series of cell transformations 
occurring in those cells, to the 
formation of intra-epidermal cell 
nests ”; and that, “ in the intra- 
epidermal formations the 
epithelial cell, having lost its 
intercellular fibrils, becomes de¬ 
tached and actively proliferative, 
assumes a spindle or star-shaped 
form, till finally the cell group or 
its component cells breakthrough 
the transition zone between 
epidermis and corium, leaving 
the superficial layers to heal up, 
while they themselves migrate 



and settle in the upper corium, Stages of evolution of a 

where they undergo regressm- malignant melanoma. 


processes, and become the {Moraton/ of lioj/al college of physicians of Edinburgh ) 


atrophic cells of the nsevus. They 

arise, however, as melanoblasts and remain potential melanoblasts, 


though they become depigmented and give up their pigment to 


chromatophores on the 



Fio. .38. Simple melanoma showing malignant 
transformation. Note the melanoblasts “spray¬ 
ing ” from the rete processes and also the irregu¬ 
larity of the neevus cells in the upper carium. 

(Laboratory of Royal College of PhyeMani of Edinburgh.) 


periphery of the cell 
groups.” 

The researches of 
Masson, which have 
been amplified by 
Ewing, afford equally 
strong evidence that 
the naevus cell is a de¬ 
rivative of specialized 
cells found in associa¬ 
tion with the sensory 
nerve ends in the 
corium or in the epi¬ 
dermis, or in both. 
Their views have now 
gained general sup¬ 
port ; they certainly 
offer a simpl^xplana- 
tion of tb^Pngment 
changes found in 
neuro-fibromatosis— 
itself a disease affecting 
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specially neuro-ectodermal structures—suggesting the active participa¬ 
tion of epithelium in a melanoma may be referred to the growth of 
specialized cells belonging to the nerve-end apparatus. 

(2) Malignant Melanoma (Arising in a Benign Growth) 

.The presence of melanin in the cells of a simple niclanonia 
appears to lead to a state of instability and a tendency to malignancy.. 
It is sometimes observed that a 
benign melanoma that has re¬ 
mained unchanged during many 
years unexpectedly shows en¬ 
largement, increased vascularity 
and finally malignancy. The 
'(!hange may occu^pontaneously, 
or it may be initiated by trauma. 

The signs of malignant change 
may appear gradually, or they 
may occur with great suddenness, 
iTianifest by rapid local infiltra¬ 
tion, enlargement of lymph 
glands, or l,he appearance of 
'fn etastases. In other cases 
evidence of malignant change is 
evidenced by local recurrence 
after remoA’al of an apparently 
simple growth. ( It is important 
to realize that increase in size 
may be an inconspicuous feature 
of malignant transformation, for, 
in some sites, such as the nail 
bed and the eyeball, the tumour 
may be extremely small, and 
may have escaped detection, 
and, in such cases, widespread 
metastases often occur without 
apparent enlargement of the 
primary growth. 

Transition to malignancy in 
a benign melanoma appears to Fig. . 30 . Melanoma involving the scapula, 
be a dual process and is caused ^ metastasis which developed eighteen 
I vjT *.• years after removal of an ocular mela- 

by^roliferation of the quiescent noma. 

nseVUS cells and th^uiultiplication (Department of Surgery, UnieertHy of Edinburgh.) 

of new cells derived from the 

surface epithelium, especially the rete processes. Histologically, these 
changes are marked by the appearance of larger prc^ipplasmic forms of 
“ nsev^cells,’* which often show two nuclei. These cells tend to 
becomlwee from the pre-existing cell groups and to form isolated masses. 
Coincidently with these changes the rete processes in the epidermis 
increase in number over a variable distance, and they become broad 
and club-shaped, due to proliferation of the cells within them. At 
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different parts the rete processes rupture, and pale protoplasmic cells 
penetrate into the corium, where they proliferate and give rise to 
stellate or spindle-shaped forms with a variable degree of pigment (see 


Fig. 87). 


(8) l^^dignant Melanoma (Arising de novo) 

: A malignant melanoma may occur at almost any point on the 

surface of the body, but common sites are the forehead, the neck, the 

abdominal wall, and a nail fold^he nail fold or 
bed is the commonest of allj': In some sites 
the primary tumour remains small although 
metastases may be numerous; in others the 
tumour may grow rapidly to a large size and 
may ulcerate. 

In general, a malignant melanoma may be 



J'i'io. 40. Small ocular 
melanoma with multi- 


regarded as the most aggressive of all tumours. 
It has pronoun ced infiltrating characters and 
therefore sprcad^^ widely by direct extension. ' 
In addition, it tends to inva de the lymph 
vessels, giving rise to metastases in the regional 
lymph glands. The tumour cells may actually 
grow in the lymph vessels and give rise to 
multiple and/or massive secondary growths in 
their course. The secondary deposits in the 
lymph glands are frequently more deeply 
pigmented than the primary growth. 

In many cases a malignant melanoma 
metastasizes by the blood stream and gives 
rise to multiple secondary growths in the Ipngs, 
brain, liver, kidney, and skin. Metastases may 
be so numerous and widespread that the i^ndi- 
tion is known as generalized melanosis.In a 
few cases the secondary tumours are non- 
pigmented or only pigmented in patches^ A 
tendency to spontaneous retrogression of the 
metastases has been observed in a few instances. 

In a few instances of general!:^ melanosis 
careful search has failed to reveal the primary 
focus. In some instances a metastatic tumour 


£ le secondary nodules 
I the liver. Some of 
the nodules are nou- 
pigmented. 

iJHaartmnUoJPaiAotom, Uniter' 
eUy ttf SUnburgk.) 


does not come to light until many years 
after the removal of the primary growth {see 
Fig. 89). 

Histologically, the most striking featture of 
the malignant melanomata is the div erait y of 


their structure, and according to the form and ronfiguration of the eelljs 
they may be divided into three main groups: melano-caro^gna, in 

which cells of epithe lial c hegi^ter are arranged in alveoli the 


melano- sajc jpma, composed of spindle, cells *, and (8) melahb-endo- 
thelioma. Transitional forms may occur or there inay Im^'slrikmg 
variations within the same tumour. i 


IRRADIATION OS' TUMOURS 


103 


Ocular melanoma arises from those parts of the eye which normally 
contain pigment. It occurs most often in the conjunctiva, the 
chorioid, and the pigmented layers of the retm, and more rarely in 
the'ins and ciliary body. Usually it is high ly m alignant. 

Melanoma of the bulbar conjunctiva does not differ greatly from 
one in the skin. It forms a flat diffuse growth which often ovgrlies 
part of the cornea. It tends to recur after operation, and ^moval 
of the eye may be necessary for its eradication. 

The intra-ocular melanomata are of two varieties ; (a) circumscribed, 
and Jh) diffuse. 

The circumscribed tumour is often lenticular in shape. It 
usually occurs in the chorioid, from which it tends to spr^d to the 
subretinal space, and then assumes a mushroom shape. The sclera 
resists invasion for a considerable time, and, as a result, there is great 
disorganization of the interior of the eye. After the sclera is in¬ 
filtrated extension to the perforating arteries or the optic nerve occurs. 
Metastases, usually in the liver and,lungs, may develop while the 
primary growth is exceedingly small. Local recurrence after removal 
of the eyeball is not common. 

Histologically, this type of tumour shows gieat structural variations 
(polymorphism), not only in the different tumours, but in the same 
tumour. The commonest appearance is that of a pigmented spihdle- 
or round-cell sarcoma. Pigmentation is irregular and may only be 
present in groups of cells, or the pigment may lie in clumps between cells. 

{f>) The diffuse tumour is characterize by longer duration of 
growth and by a greater tendency to spread by the perivascular lymph 
channels. The cells in this type are polygonal or spindle-shaped and 
vary considerably in their pigmentation. 

Dawson claimed that all the ocular melanomata were of epithelial 
origin, and that the histogenesis was the same as in melanotic tumours 
of the skin. He based his claims on the essential structural similarity 
of the skin and the conjunctiva, and on the neuroectodermal origin of 
the normal pigmented cells of the retina and choroid. 

IRRADIATION OF TUMOURS 

The increasing use of X-rays and radium in the treatment of tumours 
makes it imperative for the surgeon to be familiar with the pathological 
results which may follow excessive dosage by these types of irradiation. 

In general, the effects of X-rays and of the gamma rays of radium 
are similar, except that X-rays, being necessarily applied externally, 
have their maximum effect upon the integument, whereas radium if 
introduced below the surface acts principally upon the tissues imme¬ 
diately around it. The disturbance may be constitutional or local, and 
in ei^er case may be acute or chronic. Acute eilEects are seen in 
patien^ fis a result of excessive exposure to the rays, whereas chronic 
effecta^i^cur usually in radiologists, the result of prolonged and 
repeated irra^tion. 

Cottsdjtatioaal Effects of Inradiation. Acute constitutional dis- 
within a few hours or a few days of the time of 
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irradiation. When mild, it is cbetrttcterized by headache, malaise, 
anorexia and nausea ; when severe, it may lead to vomiting, diarrhoea, 
prostration and death. The toxiemia responsible for these manifesta¬ 
tions has been attributed variously to aeidosis, alkalosis, destruction of 
the white blood cells, disintegration of lecithin, derangement of the 
colloidal equilibrium, and alterations in the chloride distribution in the 
body fluids. 

Chronic constitutional effects are characterized principally by 
degenerative changes in the blood-forming tissues. Secondary anaemia 
develops, with leucopenia and a relative lymphocytosis. Sometimes 
leukaemia or aplastic anaemia supervenes. 

Local Effects of Irradiation. The local effects of irradiation vary 
greatly, depending, on the one hand, upon the intensity and duration of 
the exposure and, on the other, upon the radiosensitivity of the tissues. 
The radiosensitivity is a variable factor, for it depends not only upon 
the type of cells but also upon their state of activity at tlic time of 
irradiation. In general, the most sensitive of normal cells arc the 
germ cells, the lymphocytes, and the highly specialized parenchymatous 
cells of viscera, especially the liver, spleen, th 3 rroid gland and bone 
marrow. All cells are most sensitive during growth and multiplication. 
These facts form the basis for clinical therapy in certain non-maligant 
diseases. Thus treatment by X-ray or radium is valuable in certain 
forms of hyper-thyroidism and in some disorders of the spleen and bone 
marrow. It also affords relief in certain inflammatory conditions, for 
example, dermatitis, <liverticulitis and rheumatoid arthritis, although 
its mode of action in these diseases is not understood. 

The local action of irradiation has been investigated more thoroughly 
in the skin than elscherc. When the skin is exposed to a single 
“ overdose ” of irradiation it may exhibit any degree of damage from a 
mild erythema to a deep burn. These effects are usually not manifest 
until several days after the exposure. Irradiation burns are characterized 
by a tendency to continue unhealed during long periods, for the irradia¬ 
tion effects an obliterative endarteritis with fibrosis of the surrounding 
tissues, and consequently the sloughs are slow in separating and the 
processes of repair are delayed. 

If insufliciciit to produce such acute effects the irradiation may 
result hi changes that become manifest oiily after a period of weeks or 
months. The cells of the hair follicles and sweat glands arc often 
destroyed, and consequently the hair subsequently falls out and the 
skin becomes dry and shiny. Often the skin becomes deeply pigmented. 

Repeated irradiation of the skin may give rise to chronic dermatitis, 
and this may lead to an “ irradiation carcinoma ” (X-ray carcinoma). 
Such effects are almost limited to radiologists, and, as a consequence of 
the former practice of holding the fluorescent screen in the unprotected 
hands, they are situated most often on the dorsal aspect of the fingers. 
It is interesting to note that an irradiation bum such as results from 
simple overdosage shows no special liability to the development of 
malignant disease. The chronic skin lesions are due essentially to 
endarteritis obliterans, perivascular fibrosis, and cedema of the cutis 
vera, as well as to secondary changes in the epidermis. The nails become 
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corrugated and brittle, and eventually separate from the matrrx. The 
skin becomes red, shiny and atrophic, and later pale, dry and thickened. 
Sometimes ulcers develop, which tend to penetrate deeply and to 
remain imhealed during long periods. Later, multiple papules and 
warty nodules appear, the harbingers of cancer. 

Irradiation cancer arises usually on the basis of one of the warty 
nodules. It occurs as a late manifestation, and may develop many 
years after the final exposure to irradiation. In some cases two or more 
independent carcinomata arise. The growth has the microscopic 
characters of a squamous-ccll carcinoma, but since the tissue is fibrous 
and the lymph vessels are extensively obliterated the growth spreads 
slowly and metastasizes late. 

Effects of Irradiation on Tumours. In accordance with the general 
concept that the radiosensitivity of cells varies according to their 
activity, tumour cells are generally more susceptible to irradiation than 
normal cells, and the cells of malignant tumours are generally more 
susceptible than those of simple tumours. 

If a radium needle be implanted in a tumour, its effects vary in 
different parts of the tumour inversely as the s(|uarc of the distance. 
Immediately around the needle the tissue, both cells and stroma, 
rapidly undergoes necrosis, and eventually forms shniglis, small or large 
according to the dosage. In the zone peripheral to this area the cells 
undergo a form of coagulation necrosis and arc dcstmyed, but the 
stroma, being less vegetative, survives, and consequently no gross 
sloughing occurs. In a zone more j)eriphcral still from the needle, the 
rays destroy only a cert.ain proportion of the tumour cells, more 
particularly those in mitotic division at the time. Other cells, not 
destroyed, are believed to be subjected to inhibitory influences which 
have the effect of restraining their growth. 

In irradiation therapy the aim is to effect maximum tumour destruc¬ 
tion with minimum damage to the normal tissues. This object is 
achieved by accurate estimation of suitable dosage and careful distribu¬ 
tion of the needles so as to attain a uniform field. It is generally 
believed that successful treatment is enhanced by the use of relatively 
small amounts of radium over a long period, which ensures that during 
the time of iriudiation a greater number of malignant cells will enter the 
phase of mitosis and thus become especially vulnerable. 

The above-mentioned effects of irradiation upon tumours relate to 
the cells of the tumours. It must be observed, however, that the stroma 
also is affected. The rays cause thrombosis of the blood and give rise 
to an obliterative endarteritis, and subsequently they lead to fibrosis 
and obstruction of the lymph vessels. Thus they reduce the vascularity 
of the tumour, interfere with the nutrition of the tumour cells, and 
delay or inhibit extension. In some cases the irradiation gives rise to a 
local infiltration by lymphoc 3 rtes, plasma cells and eosinophil leucocytes, 
and these may possibly have some antagonistic effect upon the invading 
malignant Cells. 

Radium Poisoning. Poisoning by ingested radium has occurred 
in a few instances, notably in Orange City, New Jersey, where girls 
employed in painting clock dials with luminous paint were affected. 
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The pigment used for this puipose contained minute amounts of 
radium, together with mesothorium and radiothorium, and the 
poisoning was due to the ingestion of these substances from licking the 
paint brushes. After absorption, the radium and thorium compounds 
are stored in cells of the reticulo-endothelial system, particularly in the 
bone marrow, and remaining there permanently they discharge alpha 
particles and exert a profound effect upon neighbouring cells. At an 
early stage they give rise to a “ radiation osteitis,” characterized by 
increasing sclerosis of the bones. If oral sepsis coexists, necrosis of the 
jaw is a common result. Later, sometimes several years after absorption 
of radium has ceased, there is a liability to various forms of ansemia and 
leukaemia, which may prove fatal. 

An extremely interesting late effect of radium poisoning is the 
development of bone sarcoma, generally of a rapidly growing,, cellular 
type. It appears that the long continued irritative action of the 
radium, first manifest in a proliferative osteitis, eventually predisposes 
the dells to neoplastic hyperplasia. 
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CHAPTER VIII 


DISEASES OF BONES 

The problems of osteogenesis, normal and pathological, remain the 
subject of unabated controversy. Bone has been described as a con¬ 
nective tissue impregnated with lime salts, but. though true enough, 
this simple statement gives no indication of the complicated structure 
of bone, so beautifully adapted and adaptable to bodily needs, nor 
of its manifold functions in relation to metabolism and its responses 
to hormonal influences. These anatomical and physiological considera¬ 
tions have such a close bearing upon the pathology of bone diseases as 
to necessitate a detailed account of them. 


ANATOMY OF BONE 

For illustration a typical long bone will be considered. Such a bone 
consists of a shaft or diaphysis and of two extremities or epiphyses. 
During the period of growth the diaphysis is separated from the 
epiphyses by }>lates of hyaline cartilage, the epiphysial cartilages. Some 
bones possess, in addition, secondary epiphyses or apophyses, which are 
separated from the diaphysis or the primary epiphyses by plates of 
cartilage. 

From the pathological standpoint the most important part of a 
bone is the metaphysis, the region of cancellous bone immediately on 
the diaphysial side of the epiphysial cartilage. This is the region from 
which all lengthwise growth of bone proceeds, it is the most vascular 
region of the bone, and it is the region most liable to injury. For these 
reasons it is especially apt to be involved in trauma or in infective disease 
in childhood or adolescence, and it is especially affected by any inter¬ 
ference with the normal processes of calcification and ossification during 
those periods. It is also the region most subject to tumour formation. 

Blood Supply. The distribution of blood vessels in bones is of 
importance in determining the sites affected by disease. 

Li a typical long bone the sources of blood supply may be classified 
as follows : (1) The nutiaent artery, (2) periosteal arteries, (8) meta¬ 
physial (juxta-epiphysial) and epiphysial arteries. 

(1) The nulrierd artery is a vessel of considerable size, which supplies 
the major portion of the bone. It enters the bone usually at its middle 
third, in a direction obliquely away from the larger metaphysis. Inside 
the bone the artery divides into two principal groups of vessels, which 
are directed in the long axis of the bone towards either end of the shaft. 
They terminate at the metaphysis by luiastomosing with other vessels 
to be described below. 
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(2) The periosteal arteries are fine twigs which supply the superficial 
layers of the cortex of all parts of the bone. They are large and abundant 
in childhood, scanty and small in old age. 

(8) The metaphysial (juxta-epiphysial) and the epiphysial arteries are 
fine vessels derived from the arterial plexus (the circulus vasculosus of 
Hunter) which form a network encircling the bone in close relation to 
the joint capsule. These vessels penetrate the periosteum and cortex 
to reach the metaphysis and epiphysis respectively, and they terminate 
by anastomosing with the terminal branches of the main nutrient 
artery. Thus it will be seen that the metaphysis, the region of maximum 
bone growth, is supplied by three sets of blood vessels : (1) terminal 
branches derived from the main nutrient artery; (2) metaphysial 
arteries; (8) epiphysial arteries that have penetrated the epiphysial 
Cartilage. These anastomosing vessels at the metaphysis are large and 
tortuous, and consequently at this region the blood flows slowly and 
any blood-borne organisms arc apt to be arrested. 

The above description applies to typical long bones. In short and 
irregular bones the blood supply is somewhat different, and is derived 
principally from periosteal arteries, and to a less extent froni one or 
more “ nutrient ” arteries. In the short long bones of the hand and 
foot the blood sxipply is derived principally from single nutrient arteries, 
which pierce the shaft and immediately break up into fine twigs. In 
infancy these bones possess no metaphyses, and consequently diseases 
such as tuberculosis originate in the centre of the shaft. 

Microscopic Structure of Bone. All parts of a bone arc pervaded 
by channels of various sizes, relatively few in compact bone, numerous 
in cancellous bone. The large channels are the Haversian canals. 
These run mainly m the long axis of the bone, and they contain 
connective tissue, blood vessels, nerve filaments, and lymph channels. 
In addition, the large channels of t;ancel!ous bone contain marrow 
elements. Around the Haversian canals and communicating with them 
are the lacuna:, which contain the bone cells, the branched cells of 
the connective tissue framework which preside over the nutrition and 
metabolism of the bone. The branching processes of these cells 
occupy minute channels or canaliculi, which ramify in all parts of the 
bone. 

Around each Haversian canal the bone is arranged in concentric 
lamcllee, which with the canal, the lacunae and their canaliculi constitute 
a Haversian system. Near the surface of the bone a different arrangement 
obtains. The lamellae here lie parallel to the surface and are nourished 
by blood vessels of periosteal origin lying in the Volkmann’s canals. 
These superficial lamellae are pierced by perforating fibres of white 
fibrous and elastic tissue, which are connected with the periosteum 
and with the insertions of tendons and ligaments. 

It will be noted how admirably a bone is constructed for its essential 
function of providing a rigid supix>rt. The Haversian systems arranged 
longitudinally, and the superficial lamellae arranged parallel to the 
surface, give longitudinal stability, whilst the fibrous and elastic tissues 
give elasticity and strength. Bone may be compared to a plaster of 
Paris ban^ge, in which the gauze is represented by the fibrous and 
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(tellular parts of the bone and the plaster by the calcareous part. 
Incinerate a bone and only the calcar^us material is left; place it in 
strong mineral acids and only the fibrous structure remains. 

It should be observed that in spite of its hardness and density bone 
is a very vascular tissue, unlike that other component of the skeleton, 
cattilage. It is for this reason that bone so readily undergoes decalcifica- 
or other changes in response to metabolic or hormonal influences, 
oir from the effects of local lesions such as tumours, aneurysms, or 
infections. 


THE GROWTH OF BONE 

The majority of bones are formed in cartilage, and only a* few, 
including the bones of the calvarium and some of the facial bones, are 
developed in membrane. Since bone formed in cartilage is especially 
subject to diseases, the process of endochondral ossification will be 
described in some detail. 

Bone formation starts in the clavicle in the fifth week of intra¬ 
uterine life, and in many other bones a short time later. The ossifying 
process begins near the midpoint of the bone and spreads thence 
through the whole diaphysis. Secondary centres of ossification 
appear later in the epiphyses and apophyses, and later fuse with the 
shaft. 

Microscopically, in the process of ossification several distinct changes 
may be recognized, whereby the cartilage first proliferates, then becomes 
calcified, and finally is replaced by vascular bone-forming connective 
tissue. The cartilage itself is not ossified ; it merely provides a cellular 
matrix suitable for the growth of osteogenic connective tissue. The 
stages of bone formation may be recognized as three distinct zones in a 
growing bone, extending from the pre-formed hyaline cartilage at one 
end to the completed bone at the other. The first zone is the zone of 
proliferation of cartilage. The cartilage cells increase in number and in 
size, and they become arranged in columns disposed in the long axis 
of the bone. The number of columns is constant in each bone. The 
second zone is the zone of provisional calcification, where calcium 
phosphate is deposited from the blood stream forming a narrow band 
extending the whole width of the bone, so that when the bone is cut 
longitudinally it appears as a thin white transverse line. In diseases 
associate} with deficient calcification this white line may be absent or 
replaced by a broad irregular area of greyish colour. The third zone is 
the zone of replacemerU of cartilage by osteogenic tissue. Capillary vessels 
grow out in regular columns firom vessels in the existing bone into the 
band of calcified cartuage, and the new bone is formed around and 
between these vessels. Along with the vessels come small dark-staining 
cells or osteoblasts. These are specialized connective-tissue cells which 
are generally regarded as the specific b<me-forming cells; their function 
^ing to elaborate an osteoid matrix in which calcium is dep(»ited to 
produce bone as we rect^ize it. When the bone has I>een formed the 
osteoblasts remain as ** bone cells,** 
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THE REMODELLING PROCESS 

Bone is not an inert and immutable framework, but a living tissue 
adjusted to meet the varied forces imposed upon it. This is evidenced 
most strikingly during growth of the skeleton. The primordial bone 
at the metaphysis is relatively soft and vascular, and is not fitted to 
meet the stresses imposed by gravity and muscular action. It is adapted 
to these requirements by a process known as remodelling, by which the 
bone beconaes compact or cancellous according to the functional require¬ 
ments of the part. The remodelling process is the factor that decides 
the ratio between size, stability and strength in bones, and is probably 
brought about by many agencies, including chemical organizers, the 
restraining effect of the periosteum, and the action of the muscles. 
The young bone at the metaphysis is often more bulky than future 
requirements demand, and by the process of remodelling it is reduced 
in quantity and increased in density to attain the requisite thickness 
and compactness of the sliaft. Examples of failure of the remodelling 
process during skeletal growth are found in the dystrophies now grouped 
under the title diaphysial aclasis {see p. 129). 

In adult life the remodelling process effects alterations in the 
structure of any part of a bone, according to its special needs. An 
outstanding example of this is seen when the statics of a bone is altered 
by the union of a fracture in faulty alignment. To meet the altered 
axis of weight-bearing the bone and callus assume a dense lamellatcd 
structure in the new lines of pressure, whereas parts subjected to less 
stress are relatively porous. 


RELATION OF BONE TO THE METABOLISM OF CALCIUM AND 

PHOSPHORUS 

The elements calcium and phosphorus have an important part in 
many metabolic processes, and are essential for such basic activities 
as the mechanism of the heart beat, the contractility of muscles, the 
irritability of nerves, and the regulation of acid-base reactions. The 
rdle of the skeleton is to act as a storehouse for these elements, and 
thus to ensure a constant level in the blood, so that it is not surprising 
that any disease which affects calcium and phosphorus metabolism is 
reflected in the bones. 

Calcium and phosphorus are obtained from the food by absorption 
in the alimentary tract, and such portions as are not utilized are elimi¬ 
nated in the fseces and urine. 

Calcium is absorbable only in soluble form. Its absorption is 
therefore impaired when there is an excess of phosphates or alkalies in 
the diet, which leads to precipitation of the calcium, or when fat 
digestion is incomplete, a condition leading to precipitation of calcium 
soaps. Vitamin D, in virtue of its rdle in fiscilitating fat digestion, is 
also a necessary factor in the al^rption of calcium. 

Calcium is held in solution in the blood in a concentration far in 
excess uf its ordinary chemical solubility. Part of it is adsorbed on to 
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the serum proteins. The remainder is in ionic form, and is probably 
maintained in supersaturated solution by the agency of the parathyroid 
hormone. 

The calcium and phosphate ions in the blood are in chemical equili* 
brium with the solid calcium phosphate of the bones, and are therefore 
subject to the laws of ionic dissociation. Consequently, an increase in 
ionic phosphate in the serum leads to diminution of the serum calcium 
and to deposition of calcium phosphate in the bones. Conversely, a 
reduction of the ionic phosphate leads to increase in serum calcium and 
to mobilization of calcium phosphate from the bones. This latter effect 
is seen clinically in cases of acidosis, where the buffer phosphate is 
excreted and consequently decalcilication of the skeleton is brought 
about. It is seen also in Iiyperparathyroidisra, for the effect of an 
increase of parathormone is to remove phosphate from the blood and 
thus to cause decalcilication, 

Calcium metabolism is thus dependent upon a great number of 
factors; adequate diet, unimpaired fat digestion, sufficiency of 
vitamin D, maintenance of the hydrogen-ion concentration of the 
blood, and proper functioning of the parathyroid glands. The internal 
secretions of the pituitary and thyroid glands also play some part in the 
process. Thus pituitary disease leads to gigantism and acromegaly, 
and sometimes marked skeletal decalcilication. Thyroid dysfunction 
causes bone atrophy in exophthalmic goitre and dwarfing in cretinism. 
Even the sex glands are related in some way to the whole process. Their 
connexion is not obvious in the human, but in animals it is sometimes 
of great biological importance. In the stag, for example, the growth and 
subsequent casting of the antlers is intimately related to the seasonal 
sex cycles, and, as John Hunter observed, if the animal be castrated its 
antlers are shed prematurely. 

It seems probable that the mineral salts of bone are held in a com¬ 
plex molecule which includes calcium phosphate and carbonate along with 
magnesium, sodium, potassium, chloride, fluoride and hydroxyl 
groups. 

Robison has shown that the deposition of calcium phosphate from 
the soluble salts in the tissue fluids is effected through the agency of 
an enzyme, phosphatase. This enzyme has been shown to be present in 
greatest concentration in tissues in which ossification is actively proceed¬ 
ing. It acts primarily by hydrolysing the soluble phosphoric ester, 
with liberation of free organic phosphate. If a sufficiency of calcium 
salts be present, the resulting increase in the concentration of phosphate 
ions leads in turn to precipitation of the complex calcium carbonate- 
phosphate molecule. The activity of phosphatase appears to depend 
upon the hydrogen ion concentration of the blood, and is greatest when 
the pH is deflected towards the acid side—the condition normally 
present in growing bones or in healing fractures. 

THE r6lE of the PERIOSTEUM 

In 1741,. Duhamel, a French squire of scientific inclination, making 
use of the recently discovered method of staining bones in vivo by the 
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oral administration of the dye madder, found that increase in girth of a 
bone is due to the formation of layer upon lay{-r of bone under tlie 
periosteum, just as the inerease in diameter of a tree trunk is due 
to the aetivity of its eambium layer. On the basis of this experi¬ 
mental observation he formulated the theory of the essential osteogenic 
function of the periosteum, a theory whieli 


ever since hai§ been the subject of controversy. 

Ollier, of Lyons, was the great protagonist 
of Duhamel’s theory. In his classical work 
which appeared in 1867, and which contained 
many valuable observations on the growth of 
bone, he claimed that the periosteum of young 
subjects is capable of osteogenesis even when 
'separated from the bone and buried in muscle, 
and he showed that in adults also the peri¬ 
osteum continues to exercise this function when 
stimulated by trauma or by infection. 

On the other hand, there is the view, which 
Macewen has powerfully supported, that the 
periosteum has no bone-forming propci-ty, but 
is merely a vascular fibrous membrane whoso 
function is to limit bone growth. Macewen, 
as a result of a series of masterly experiments 
and observations, came to the following con¬ 
clusions : (1) That the periosteal flaps described 
by Ollier were not osteogenic unless spicules 
of bone adhered to them; (2) that the life, 
growth, and repair of a bone arc not affected 
by removal of its entire periosteum; and 
(3) that after subperiosteal resection of the 
shaft of a bone the new bone is formed, not 



by the periosteum, but by a dual process 
of proliferation from the cut bone ends, and 
(in youth) of compensatory overgrowth of the 
metaphyses. This last conclusion was sug¬ 
gested by experiments in which the bone 
ends after partial diaphyseetomy were covered 
by metal caps; after six weeks the defect was 
filled by new bone, and at this time the caps 
were found to be approximated, indicating 
that the new bone was derived not from the 
periosteum but from what remained of the 


l<'iu. 41. Jtcfjencratioii c>f 
bone after partial diu- 
physecluiny. A radio¬ 
gram taken four inontlis 
after subperiosteal re¬ 
section of a part of the 
tibial diaphysis. Note 
the thick mass of new 
bone, already sclcnised, 
which has grown from 
the upper fragment. A 
thin wedge of bone from 
the lower fragment ex¬ 
tends proxirnally under 
the periosteum. 


original diaphysis. 

As has been stated already, the “ battle of the periosteum” is not 


yet concluded, although many of the apparent discrepancies have been 
settled. It has been suggested that the periosteum may best be 
resided as a double-layered membrane. The outer layer is thick and 
fibrous, and its function is one of limiting and vascularizing. The inner 
or “cambium” layer, which is active only in youth, is a thin layer of 
delicate connective tissue containing numerous osteoblasts, and its 
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function is osteogenic. This cambium layer is more intimately con¬ 
nected with the cortical bone, from which it takes origin, than with the 
fibrous periosteum, and it may with advantage be termed the epwsiewn 
(Hey Groves). 

Whatever views are held regarding the function of the periosteum, 
it is beyond doubt that it takes a very important part in pathological 
processes affecting bone. The periosteum acts as a capsule or restrain¬ 
ing membrane to bone, and a bone cannot alter its shape or exceed its 
nornial limits unless the periosteum be removed, raised, or stripped. 
What sometimes is called “ expansion of bone ” suggests that bone is 
distended^by pressure from within, but as bone is a rigid structure such 
a belief is obviously unacceptable. Flxpansion of bone is dependent 
On the periosteum being raised by some agency, such as trauma or 
temporary or recurrent effusions, and a simultaneous softening and 
decalcification of the underlying bone. 


MECHANISM OF BONE FORMATION AND RESORPTION 

Since Goodsir in 1845 first applied the microscope to the study of 
bone growth, it has been assumed almost universally that bone is a 
product of the vital activity of specific cells known as osteoblasts. 
These are polygonal cells, with dark-staining protoplasm, which show 
a tendency to arrange themselves in layers in apposition to the bone 
trabeculae. In youth the osteoblasts are present in large numbers yjjd^r 
the periostemn and at the mej;aphysis, the two regions where bone 
formation proceeds most actively. They are present also, in either 
youth or adult life, at nearly all sites of osteogenesis, physiological or 
pathological. 

Most pathologists prefer to regard the osteoblast as a specific type 
'of mesoblastic cell whose purpose is to provide a matrix (ossein or 
osteoid tissue) for bone, just as the fibroblast is specialised to produce 
collagen fibrils. Probably the osteoblasts take no part in the deposition 
of calcium, which is determined more likely by physico-chemical 
processes. 

Resorption of bone consists essentially in the conversion of the 
insoluble crystalline calciiun phosphate of bone into soluble or colloidal 
calciiim phosphate. It is generally accepted that resorption is effected 
in part by halisteresis—^a physico-chemical process in which the calcium 
is withdrawn by the agency of the body fluids—^and in part by the 
vital activity of the osteoclast cells. These osteoclast cells are multi- 
nucleated giant cells with the characteristics of foreign-body giant cells, 
and they are present around many sites of physiological or pathological 
bone resorption. They are variously regarded as phagocytic wandering 
ceils, or as modified osteoblasts. 

Xi^che and Folicard have suggested that bone results from a 
metaplasia or metamorphosis of primitive mesench 3 mie, which is 
brought about by a combination of environmental or.physico-cheinicd 
factors, rather than by the actioii of any specificiaUy endowed cells. 
1%ey point out that bone formation occurs always in young mesen- 
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chymal tissue sustained in certain pliysical characteristics, and this 
tissue they call an ossihable medium. Bone formation depends first 
upon the presence of such an ossifiable mecUum, and, secondly, upon 
the presence of an adequate supply of readily assimilable calcium. 
According to this hypothesis ossification depends upon local adjust¬ 
ments of the circulation, and is independent of the action of osteoblasts. 

In our opinion the greatest importance of the work of Leriche and 
Policard lies in the prominence they give to the action of circulatory 
changes in modifying the behaviour of bone. In general it may be 
stated that excessive blood supply (hyperasmia) is associated with bone 
resorption; and conversely diminution in blood supply, other things 
being equal, with sclerosis. These views regarding the changes 
induced by alteration of the vascularity of bone serve as a valuable 
•means of interpretation for many pathological phenomena, especially 
in radiological studies of bone diseases. 

HETEROTOPIC OSSIFICATION 

The development of bone in tissues remote from the skeleton is a 
rare but interesting process, the reason for which has provided consider¬ 
able speculation. Heterotopic ossification has been observed quite 
frequently in the scar of an old abdominal incision, and it may occur 
in an old heematoma, in the wall of an aneurysm, in tumours, and 
in many other situations. 

Ossification in the perichondrium of calcified costal cartilages is 
another example of the same phenomenon. It is most common in 
the upper and more stationary ribs. It usually affects elderly people, 
but it may occur in young subjects, especially if they suffer from 
chronic pulmonary disease that leads to fixation of the chest wall. 
The ossification begins close to the sternum and is first apparent near 
the surface of the cartilage. 

In “ myositis ossificans progressiva,” bone formation of a heterotopic 
character is found on a large scale. The new bone is preceded by 
calcification and by a proliferative change in the fibrous connective 
tissues of the muscle {see p. 219). 

The bone formation occurs always in relation to fibrous connective 
tissues and in structures that may be regarded as in a state of functional 
disuse or death, and it is always preceded by deposition of lime salts, 
such as is of common occurrence in healed tuberculous nodules in lymph 
glands, blood vessels, or in scar tissue in many other situations. 

In the past, heterotopic ossification was generally attributed to the 
activity of osteoblasts derived from local or distant sources. Thus, 
ossification in the abdominal wall was ascribed to injury to the pubis 
or xiphistemurn, with consequent liberation of osteoblasts; whereas 
ossification in o^er situations was thought to be due to the action of 
osteoblasts migrating firom the blood stream into the injured tissues. 

The present-day view is that the presence of specific cells {(»teo- 
blasts) is not essential, and that if tiie requisite conditions of vascularity 
and pAlnhfm supply are present any primitive mesenchymal cells may 
assume the ostwblastic function. 
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UNION IN FRACTURES- 

It is customary to describe three stages in the repair of a fractured 
bone : (1) the stage of blood-clot and granulation tissue, (2) the stage of 
callus, and (8) the stage of ossification. These divisions, though rather 
arbitrary, serve to mark the various phases of healing in bone. , 

Soon after fracture the bone ends and lacerated tissues about them 
are surrounded and infiltrated by blood-clot, which may vary in 
amount and in distribution in different fractures. Newly formed 
capillaries invade the clot, along with phagocytic cells and fibroblasts, 
which slowly replace the clot by a vascular granulation tissue. If the 
fracture is examined after about ten days the tissues will be found to be 
very gelatinous, and a clear, slightly pink jelly covering the ends of the 
bones will be observed. A little later calcific material is deposited in the 
exudate, which, at this stage, is sometimes known as the pro-callus. 

In the intermediate stage of repair islands of new bone appear 
in the calcium-infiltrated granulation tissue, and to this mass of 
newly formed bone and proliferated tissues the name callus is given. 
The early callus is usually soft and forms a roughly globular or spherical 
mass between and at the ends of the bones as well as for a variable 
distance in the surrounding soft parts. The amount of callus and its 
disposition in relation to the bone ends is very variable and is influenced 
by many local factors. The portion outside the bone and beneath the 
true periosteum is known as the external callus ; that which plugs the 
interior of the bones is the internal callus ; and that connecting the 
actual fragments is the intermediate callus. When healing is complete 
only the intermediate callus persists, and throughout life it shows a 
slightly greater density than the adjacent bone. 

The anmunt of callus which is deposited at the site of fracture is 
very variable. It depends, among other things, on the site of the 
fracture and the degree of damage to the bone. Thus it is greater in 
oblique or comminuted fractures than after simple transverse fractures 
or after osteotomy. In grccnstick fractures the amount of callus tends 
to be. relatively large, probably as a result of haemorrhage from the 
vascular periosteum. ■ In fractures of the skull there is little or no callus 
formation. The amount of callus tends to be increased by movement 
during the repair of the fracture. 

Evidence of bone resorption may be very readily seen in radiograms 
taken at intervals after fracture. They show decalcification and rare-- 
faction of the bones at the site of fracture and for a variable distance 
beyond it. The result of such resorption is appreciated if the fracture 
is exposed at operation, when it is found that after about ten days the 
bone ends have lost their sharp spiculation, and are more porous and, 
as a Tfisult, less readily adaptable to one another. If looked for, the 
jelly-like pre-osseous substance may be found on the fragments ; it may 
be ispgarded as the primitive callus in which deposition of lime salts is 
to occur prior to actual bone formation. New bone is rarely apparent 
until about the tenth day, and twentji^-five days usually elapse before 
the callus becomes firm. Toughening of the callus is probably caused 
by the gradual return of the local circulatory conditions to normal. 



UNION IN FSAOTUBES . 117 

At an early stage of the formation of a mass of callus a thick and 
oedematous covering of periosteum is found. Later it becomes t«>ugb 
and fibrous and forms an investing membrane at the site of union. 

Delaj[ed union or non-union is often met with in the long bones, and 
there are some sites at which it is especially common. These are the 
^neck of the femur in old subjects, th^istal third of the ulna, th^istal 
part of the tibia, the middle of the shaft of the humerus, the^jatc^la and 
the^lecranon. Nofi-union is very common in fracture of the carpal 
navicular and of the calvaria. 

When the fragments of bone are exposed in a ease of non-union of 
long standing their ends arc generally found soft, spongy and rarefied. 
Sometimes absorption has taken place to such an extent tliat a con¬ 
siderable gap separates the fragments. In some instances, especially 
those associated with pseudarthrosis, there is sclerosis of the ends of 
the bones, especially of the distal fragment which may be cup shaped. 
Sometimes an encysted collection of serous fluid is fi)und within the 
fibrous capsule uniting the bones. 

Non-union may be attributable to constitutional or local causes. Con¬ 
stitutional predisposing causes are'not well defined It is generally 
stated that severe ansemia, wasting diseases, syphilis, diabetes mellitus 
and chronic renal disease predispose to non-union, but it seems probable 
that their importance has been over-estimated. 

^ocal predisposing causes of non-union are of three main varieties : 
(l) mechanical hindrance to the approximation of the fragments and 
their union by callus, (2) interference with the normal biological process 
of new bone formation, and (3) inadequate immobilization. Sometimes 
the factors are combined. 

(1) Mechanical hindrance to the approximation of the fragments may 
result from wide separation of the fragments or from interposition of 
soft tissues such as muscle and fascia. Actual new bone formation may 
be attempted, and the bone may invade the interposed muscle, but it 
is deposited in the axis of the muscle fibres and lies at right angles to 
the fragments, and is thus of no value in cementing the fracture. 

(2) Interference with the normal biological process may result from 
infection, pre-existing disease in the bone, derangements of the local 
circulation (as by rupture of a nutrient artery), and other factors. 

Infection is an important cause of non-union and accounts for the 
frequency of this complication in compound fractures. The presence of 
a foreign body may further militate against repair. Infection may 
disturb tbe processes of union in several ways : (a) by causing^ecrosis 
of the fragments, (b) by causing^destruction of the young bone-forming 
elements, (c) by delaying the normal process of new bone production to 
such a period that some of the essential factors for osteogenesis are lost. 
Such is the part played by fairly severe infection, but in the presence 
of a mild degree of infection, union is often very firm and attended by 
an excess of callus. 

Pre-existing disease of bone such as cysts, tunaours, or osteomyelitis 
may detmnine non-union, but it is retni^kabie that not infrequently 
union may occur even in the presence of extensive local disease. 

(8) In the repair of some firactures a slight degree of movement is 
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.regarded as beneficial, and many surgeons encourage active movement 
of a hnctured bone from the onset of treatment. None the less, there 
are many sites at which this practice must be regarded as injurious and 
likely to promote non-union. Many indeed believe that the most 
fruitful source of non-union is faulty inunobilization, especially such as 
permits of repeated slight shearing or torsional strain at the bone ends; 
and it is significant that those fractures which fail to unite are precisely 
those which are difficult to immobilize completely. Experience in the 
management of common firactures such as that of the carpal navicular 
and the femoral neck in old subjects has afforded convincing evidence 
of the importance of securing firm fixation of the fragments and pro¬ 
tection of the developing callus. In intracapsular non-impacted 
fracture of the neck of the femur non-union is almost invariable unless 
immobilization is obtained. Following immobilization, secured pre¬ 
ferably by operative means, firm union results in a considerable humber 
of cases. Non-union at the neck of the femur is associated usually 
with marked absorption of bone locally and cupping of the distal 
fragment, which, formerly, was attributed to atrophy as a result of 
rupture of the nutrient vessels; but, more likely, the disappearance 
of bone and the non-union are due to disturbance of the callus induced 
by the t^-auma of recurring slight movement, or to aseptic necrosis of the 
proximal fragment. 

In fracture of the carpal navicular, union is uncertain unless move¬ 
ment of the wrist and carpal joints is abolished during treatment. The 
non-union resulting from too early resumption of movement can 
generally be overcome by prolonged immobilization. 

In some situations it appears that excessive mechanical traction 
may be responsible for delayed union as a result of undue separation 
of the bone ends. 


TRANSPLANTATION OF BONE 

Bone transplants are commonly employed in orthopaedic and plastic 
surgery. They are required most frequently to restore continuity and 
to promote union of a fractured bone. Sometimes‘they are used to 
. bridge the gap resulting from injury, necrosis or operative interference. 
In other instances they are of service to immobilize a tuberculous 
vertebra, to deepen toe acetabulum in con^nital dislocation of the hip, 
or to stabilize a flail joint. 

The transplant may consist oi^ living or of dead bone. Living 
bone may be derived from the tome subject (autoplastic), or from 
another individual of the same species (h^pplastic). Bead bone is 
usually derived from another species, and is conveniently obtained 
^ from beef bone that has been boiled and suitably shaped. Occasionally, 
portkUkS of ivory in the form of pegs or nails are employed. 

/bitopjasi^ transplants are most generally useful. They may be 
denved^fttnn near the site of intended implantation, for example, the 
bope ^Q^ining a fracture, or from some other part of the skeleton, such 
as the siibcutoneous surface of the tibia, toe proximal end of the fibula, 
or one of the ribs. A single laige transplant or a number of small 
fragments, “bone chips”, may be used. Custom, circumstance and 
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Ingenuity play a prominent part in determining the site for obtaining 
the transplant, and the ease with which a transplant may be taken 
from the tibia makes this the favourite source. The ribs, though 
accessible and of suitable curvature for many purposes (e.g., repair of 
defects in the skull), do not provide satisfactory ti^ansplants on account 
of their lack of substantial cortex. 

The Fate of Bone Transplante. This is a problem on which there 
is no-general agreement. Transplants of dead bone (such as beef bone 
or ivory) are generally believed to subserve two principal functions: 
(1) to give stability at the site of implantation, and (2) to act as osteo- 
conductive agents, scaffoldings along which new bone may be deposited. 
The dead transplant acts as a foreign body and stimulates a reaction on 
the part of the surrounding tissues. 

' Transplants of living bone give stability and act as osteo-conductive 
agents, and in addition, it is believed, they encourage osteogenesis. It is 
believed that they serve this purpose l^st when transplanted with the 
periosteum retained. 

The viability of a living transplant is a subject of controversy. 
The view most widely held is that a thin superficial layer of the 
transplant survives, the cells of thi^ part acquiring nourishment from 
tissue fluids and effused blood serum.' The remainder of the transplant 
dies and then functions as a dead transplant. If the transplant be 
examined forty to sixty days after its implantation it will be foimd 
to be rarefied, and the Haversian canals are wider than normal, 
and are invaded by granulation tissue and newly formed blood 
vessels. 

Radiological studies show that in most cases the transplanted bone 
is gradually absorbed, and simultaneously new bone is formed in the 
tissues around it. It must be noted, however, that in some bone 
transplants, notably pegs inserted into the marrow cavity and trans¬ 
plants used for spinal fixation, the shadow of the transplant is visible 
for many years. In such cases it must be conceded that the transplant 
either has lived unchanged, or after serving its purpose has become 
incorporated in the tissues as a foreign body. 

OSTEOMYELITIS 

Any inflammatory process involving bone and marrow may be 
called osteomyelitis, but the unqualified term is generally restricted to 
non-tuberculous lesions due to pyogenic micro-organisms. The disease 
may follow direct infection from local sources, as in compound fractures 
or from an open wotmd, or it may result from- hasmatogenous infection 
derived from distant sources. The hsemaj^pgenous type will be described 
first. It is principally a disease of childhood or of adolescence, and when 
it does affect adults the pathological process is somewhat modified. 

ACUTE OSTEOMYELITIS 

This is a common disease, fmd a grave and often fatal one. J ^y s are 
affected Uiree times more frequently than girls, and most often l^tween 
the ages of thr ee and t en years. 
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In the great majority of cases the infecting organism is the staphy- 
loc ?oc(ms ,.aureus. The staphylococcus albus or streptococci are^ome- 
timesTne OTUsal agents, and occasionally in young children pneumo¬ 
cocci. The origin of the infection is not always obvious. Sometimes a 
boil or septic abrasion in the skin is present, sometimes the tonsils 



Fig. 4a. Septic osteomyelitis of the 
tibia, of three and n half years’ dura¬ 
tion, in u man aged twenty years. 
There is a massive involucram per¬ 
forated by numerous cloaca;, through 
M'hich a large seqiiestnim may be 
seen. 


are inflamed, but very frequently 
it is impossible to detect a primary 
focus. 

In most cases the disease appears 
to start as a septicsema. The cir¬ 
culating organisms then settle in 
favourable situations in the bones 
and there lead to an acute suppura¬ 
tive inilammation. Often there is 
a history of a recent minor injury 
to the affected bone, and probably 
a small traumatic ha^mo^^hage 
forms the nidus favourable to the 
growth of the infecting organism. 

Tlie septicaBmic phase may be 
of short duration, or it may be 
prolonged during several days. In 
the latter event multiple foci may 
develop in several bones, simul¬ 
taneously or in succession—a 
feature which suggests that the 
organisms may have some specific 
affinity for osseous tissue. In severe 
cases the septicaemia continues, 
finally giving place to pyaemia. 

The Local Lesion. The bone 
focus is generally situated in the 
metaphysis, wliich is the region of 
most active growth and consists 
of young vascular bone, easily 
traumatized. 

At the onset of the bone lesion 
there is an outpouring of leucocytes 
around the organisms, and an 


[Muimm ot Rc^tti^airgeof SurgrotM of abscess Containing thick yellow pus 

rapidly forms. Around the abscess 


there is a zone of intense hyperaemia. The infection then s^c^s (1) to 
the surface, causing subjieriosteal effusion, (2) down the medullary 
canal, and (8) rarely through the epiphysis. The infection traverses 


the Haversian and Volkmann’s canals in the epetex, and erupts under 
the periosteum, raising it off the bone surface, -'^jnee the periosteum is 
closely attached to the circumference at the epiphysial cartilage the 
infection does not spread towards the joint except in certain regions, 
such as the hip, where the metaphysis is intra-articiih^ When the 
periosteum is elevated from a wide area the small perioi^teal arteries 
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'become obliterated, and the blood supply to the cortex is impaired. 
Superficial portions of the bone undergo necro sis and may later form 
sequestra. Rarely the principal nutrient to the bone may be 

occluded by thrombosis, and then the greatt r part 
of the diaphysis dies. 

At operation in the early stages the bone does not 
bleed, the vessels of the marrow are occluded by 
blood clot, and bily droplets escape from the wound. 

Later, the periosteum over the affected bone is 
thickened and very congested. It is raised off the 
bone, and when it is incised there escapes a quantity 
of thin yellow pus. Sometimes, if the original focus 
lies beneath the cortex, this outlet suffices, but often 
it .is advisable also to explore the bone in the region 
of the metaphysis to evacuate pus confined within 
the cancellous bone. 

Necrosis of hone is usually greatest in the region 
of the metaphysis, where thrombosis and toxic in¬ 
flammatory products pent up und<'r tt'usion destroy 
the living framework of the bone. In this region the 
whole thickness of the bone, or its greater part, may 
become necrotic. If the periosteum has been widely 
elevated there may also occur necrosis of the super¬ 
ficial parts of the denuded eortfu:. When the whoh; 
marrow has been invaded, the greater part, or 
even the whole, of the diaphysis may die. For- 
rimatcly, however, this extensive necrosis is much 
less frequent than examination of museum specimens 
suggests. 

The dead portion of bone is at first continuous 
with the living, but demarcation is not long delayed ; 
its surface, denuded of periosteum, is smooth and 
shiny and white ; when percussed it emits a “ dead ” 
sound ; and when pierced by an instrument it does 


not bleed. 

Around the margins of the dead bone there rapidly 
develops a foreign-body reaction, and small portions 
of necrotic bone may be completely absorbed, but 
large ones remain until extruded or removed by 
operation. Around the dead mass, in the interstices 
of the adjacent living bone and in such of the perios¬ 
teum as is in contact with the bone, there develops 
a vascular granulation tissue, which erodes the bony 


Fio, 48. Osteo¬ 
myelitis of the 
tibia. Almost 
the whole dia¬ 
physis has under- 
{{one necrosis, 
and is seen as a 
smooth, shiny 
sequestrum, 
surrounded by a 
rough, irregular 
involucrum. 


trabecula; and eventually sets the dead mass free iMuteumojRoyiUCoi- 
as a sequestrum. In the process of separation the 
sequestrum loses much of its calcium, and where the 
granulation tissue has been in contact with it, there is an eroded, worm- 


eaten appearance. The surface denuded of periosteum and bathed in 
pus is not subject to this erosive process and, for a long time, remains 


smooth and shiny. 
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The sequestrum, when completely loosened from its attachments, 
lies in a cavity in the bone, and interferes with healing, often for 
years. In rare instances it may be extruded hrom a sinus; usually it 
remains encased within the involucrum. 

New hone formation may be regarded as a reactive and reparative 
process, although its effects are not invariably beneficent. The new bone 
forms both on the surface and in the depths of the old, so that outside 
the actual area of destruction the bone becomes increased both in girth 
and in density. The new bone is formed in greatest amount immediately 
deep to the pericwteum, and when this membrane has been widely 
elevated an extensive new case of subperiosteal bone—an involucrum — 
may develop. At first the involucrum is porous and light, but gradually 
it becomes more calcified, and in the course of years it may become 
sclerosed. Its surface is always rough and irregular, and it is usually 
perforated in one or more places by cloacce, circular everted apertures 
that mark the position of sinuses, or of gaps where purulent discharge 
has prevented regeneration of bone. 

Infection of a neighbouring joint is fortunately an uncommon com¬ 
plication, although a sterile “sympathetic ” effusion of clear or of turbid 
fiuid, due to hyperoemia of the S 5 movial capsule, is not unusual. Until 
ossification is complete, the epiphysial cartilage, on account of its 
avascularity, offers a secure barrier against joint infection vid the bone, 
and the attachment of the periosteum to the circumference of the 
cartilage limits subperiosteal spread in that direction. Where part of 
the metaphysis lies within the articular capsule, h<5'll|ever, as at the 
hip, the joint is affected more readily, for as soon as infection reaches 
the surface of the bone it erupts through the synovial capsule. In 
infancy the young vascular cartilage which forms the greater part of an 
epiphysis offers little resistance to infection, and consequently osteo¬ 
myelitis at this early age is very apt to be complicated by infection of the 
joint— acute arthritis of infants. 

Constitutional Effects of the Disease. The general effects of acute 
osteomyelitis are usually severe, for the pent-up inflammatory products 
discharge highly toxic substances into the blood stream. There is high 
fever, with great constitutional disturbance. Pyjemia may supervene, 
as a result of dissemination of infected thrombi from the large veins 
of the narrow spaces. Lung abscesses, pericarditis endocarditis and 
abscesses in the kidneys or spleen may result. Formerly, due to 
neglect, continued suppuration led to amyloid disease. 

Acute Osteomyelitis in Adults 

Osteomyelitis is much less common in adults than in children, and, 
since the general resistance to staphylococcal infection seems to be 
raised, the disease is neither so rapid in progress nor so uniform in 
character. In adults there is nometaphysis, and such local predisposing 
factors as result fi^m the rapid growth of bone are absent. Con¬ 
sequently,' any part of a bone may be affected. Trauma often seems 
to be a ddBii^rlpHdispbsing factor, smd "such expdS^ regions as the 
medial surface of the tibia are likely to be affected. The course of the 
disease is slow and the sympton^ are less severe. 
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Acute Osteomyelitis in Special Situations 

It is noteworthy that the more peripheral the bone affected the less 
severe is the disease. The site most commonly affected, the proximal 
end of the tibial diaphysis, is fortunately one of the least dangerous, 
and the superficial position of the bone facilitates early recognition of 
the disease. When the upper end of the femur is attacked constitutional 
features are usually pronounced, and in early childhood the hip joint 
is often involved. At the distal part of the femur the loose attachment 
of the periosteum on the underlying cancellous bone favours early 
abscess formation in the popliteal fossa, and from deprivation of blood 
supply to the bone massive sequestration is a common feature. 

Osteomyelitis of the vertebra is a rare disease, but one of great 
gravity. Adults are affected more often than children. If the infection 
arises in a spinous process or lamina the pus may make its way to 
the surface and do little damage, but if the vertebral body is diseased 
a fatal outcome is likely. The deep situation, the lack of localizing 
symptoms, and the great constitutional disturbance combine to obscure 
the diagnosis ; complications from spread of infection to vital structures 
rapidly supervene; and surgical approach for the purpose of drainage 
is very difficult. 

In the cervical region an abscess which develops in the prevertebral 
space may pass to the mediastinum ; in the thoracic region mediastinal 
cellulitis and empyema commonly occur; and in the lumbar region a 
rapidly extendiptfj psoas or an acute perinephi'ic abscess may form. 
Finally, the infection may pass towards the spinal canal and give rise to 
spinal meningitis. 

Osteomyelitis of the pelvic bones is a serious disease and tlie profound 
constitutional disturbance usually overshadows the local features of the 
infection. Any of the bones may be affected, usually in relation to one 
of the many epiphysial cartilages, especially the pubo-ischial. From the 
ilium an abscess may develop on the pelvic aspect or superficially 
under cover of the gluteal muscles. From the pubis the abscess may 
rupture into the bladder, and a sequestrum may even perforate it. 

CHRONIC OSTEOMYELITIS 

Chronic osteomyelitis is usually a legacy of the acute disease, but it 
may arise insidiously and pursue a slow course. 

In tiie type that succeeds the acute disease there are usually one or 
more sinuses communicating with the exterior. The surface of the bone 
is very irr^ular, either over its whole extent or over one end of the shaft, 
and it is thickened by new subperiosteal bone. At the metaphysis, or 
extending for a variable distance within the bone, there is an abscess 
cavity, sometimes of considerable dimensions. Around the cavity the 
bone becomes greatly increased in density, and tJxe neighbouring marrow 
cavity is obliterated by new bone formation. Sometimes there are several 
amH'fi cavities within the sclerotic bone. 

Apart from lingering or relapsing infection the principal factors that 
prevent healing and maintain the disease in its chronic state are the 
ri^ty of the wall of toe bone cavity, and/or toe presence of one or more 
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sequestra within it. Small sequestra may be discharged at intervals 
through sinuses, and sometimes small fragments of bone migrate to 
the surface many years after the original infection, even after healing 
of the skin. Massive sequestra are usually entrapped within the 
involucrum and until liberated constitute a source of continued 
iS^ppuration,. 

The insidious form of chronic osteomyelitis, due to staphylococcal 
infection, is somewhat rare. It usually alfects adults. Scanty or 
avirulent organisms carried by the blood stream are deposited, usually 
at the raetaphysis, and here give rise to a low-grade inflammatory 
reaction. The so-called Brodie's abscess commonly results. This is 
an abscess in the bone, most commonly in the proximal end of the 
tibia, less often in the ^distal end or in the femur or the humerus, or 
more rarely elsewhere. The cavity lies in the central axis of the bone 
and is at first close to tfee raetaphysis, but may be removed from it as 
the bone grows.; The abscess is usually of small size, a centimetre or 
less in diameter, buried in sclerosed bone. Overlying it, the surface of 
the bone is often irregular from new subperiosteal proliferation. The 
abscess sometimes remains for years with little sign of activity, and in 
these circumstances it often contains sterile gelatinous granulations and 
is surrounded by a fibrous wall. No sequestrum is present as a rule. 
With more active infection the abscess may enlarge and become filled 
with thick pus, from which organisms may be cultivated. 

A Brodie’s abscess may remain unrecognized for a long time; 
occasionally for many years. Pain of a dull aching or boring nature is 
felt in the bone, especially at night, and the neighbouring joint may be 
the seat of recurring effusion. A striking feature is the great sensitive¬ 
ness of the bone overlying the abscess. A radiogram displays the 
cayffy surrounded by dense bone. 

Chronic Hypertrophic Osteomyelitis. Osteomyelitis may be chronic 
from the onset and may then result in extensive hypertrophic changes 
in the affected part, usually one of the long bones. The infecting 
organism is usually the staphylococcus aureus. The disease tends to 
affect young adults, but sometimes it occurs in later life. The 
commonest sites for this somewhat lare type of osteomyelitis are the 
({lower end of the femur, the upper end of the humerus, and the ribia. 
t;It has been observed also in the clavicle and in the radius. 

When seen at operation the affected part of the diaphysis shows a 
fusiform thickening due to the deposition of new lamellae of bone 
beneath the periosteum. The periostemn and bone at the affected area 
are abnormally vascular, and the marrow cavity may be obliterated. 
Generally there is no suppuration nor sequestrum formation, but 
occasionally a small abscess is encountered. The infecting organism 
can usually be cultivated from excised bone chips. 

The condition is associated witli aching pain and slight s^relUng 
of the affected limb, and; movements of the neighbouring joint are often 
restricted and painful;. Intermittent slight rises of temperature are 
often noted, and exaiqination of the blood shows a slight polymo^ho- 
nuclear leucoeytosis, seldmn higher than 14,000 cells per c.mhi. 

The importance of this fonn of osteomyelitis is its res^bltoce to 
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sarcoma, and very careful and repeated radiological examiiicitious or 
even biopsy may be required to establish its nature. 

Pneumococcal Osteomyelitis 

This form of osteomyelitis is not uncommon in young children. In 
200 cases of osteomyelitis reported by Fraser, the pneumococcus was 
responsible for 29%. The disease generally runs a mild course, and 
causes but slight increase of temperature and few constitutional symp¬ 
toms. The pathological features resemble those of staphylococcal 
osteomyelitis, except that in place of thick pus there is a turbid watery 
exudate. A similar lesion is sometimes produced by staphylococcus 
albus, and from the watery nature of the effusion it is sometimes known 

serom osteomyelitis. 

Typhoid Osteomyelitis 

In the septicsemic stage of typhoid fever the bacilli appear to find 
the bone marrow a favourable nidus, and it has been shown that they 
may be cultivated from this tissue almost as frequently as from the 
spleen. Moreover, they may remain latent in tin; marrow long after 
the original disease has subsided, yet cause no symptom until awakened 
to activity, perhaps by some mild trauma or other disposing factor. 

Typhoid osteomyelitis arises usually from four to six weeks after 
the onset of the fever, but it may appear months or even years 
later. The ribs arc affected most often, especially in the neighbourhood 
of the costo-ehondral junctions, and the cartilage close by may also be 
affected. In other cases the sternum, the l)ones of the pelvis and the 
spine, the ulna or the tibia may be involved. The disease takes a mild 
course, either insidious in progress or with recurring mild exacerbations, 
and there is usually little new bone formation, and only slight tendency 
to the formation of sequestra. Sometimes the bacilla are present in pure 
culture, and the pus is then scanty and rust coloured from altered 
blood. More often there is mixed infection with B. coli or stapylococci, 
and the pus is then of the type characteristic of these organisms. 

Osteomyelitis Following Local Infection 

Any open wound communicating with a bone, a compound fracture, 
burn, or an abscess in the neighbourhood of a bone, is apt to lead 
to some degree of osteomyelitis. The extent and severity of the 
infection vary in different cases, depending partly upon the nature 
and virulence of the infecting organisms, and partly upon such other 
factors as the amount of damage to the soft parts and the amount of 
foreign material introduced. The severest lesions are those associated 
with much devitalization of the bone or soft tissues, as in gunshot 
wounds and street accidents, and if a virulent infection is introduced 
the whole bone may undergo necrosis. Minor injuries with sUght 
infection may lead merely to superficial inflammation (periostitis), or 
perhaps to necrosis of small flakea of cortical bone. 

A classical example is osteomyelUis of an and in 

what called the amputation era of surgery many specimens of 
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this a^ection found their way into museums. 
The open medullaiy canal formed a ready 
route of entry for organisms, and these were 
spread widely along the bone or remained’ 
near its extremity. In the latter case a^ 
sequestrum usually resulted, which involved 
a short annular portion of the cortex, often 
with a longer tapering portion of cancellous 
bone. 

Bone Changes resulting from Adjacent 
Inflammation 

The bones adjacent to an acute inflam¬ 
matory process may share in the regional 
hyperaemia and undergo considerable osteo¬ 
porosis which, in some situations, may lead 
to grave effects. One of the most notable 
examples of this process has been observed in 
the upper cervical vertebrae in association 
with acute inflammatory lesions of the 
pharynx and of the glands of the neck. The 
hyperoemic decalcification of the vertebrae, 
particularly of the atlas and axis, may allow 
of loosening or separation oi the interverte¬ 
bral ligaments resulting in forward luxation 
or dislocation of the atlas. The displacement 
may occur spontaneously or from trivial 
violence. It may occur without complica¬ 
tions, but in some cases it has led to com¬ 
pression of the cord giving rise to quad- 
riplegia; in others the compression has been 
fatal. 

When the local inflammatory process is 
less acute, as for example in a chronic ulcer 
of the leg, the reaction in the underlying 
bones is quite different. The inflammatory 
hyperaemia, which may vary in intensity 
from time to time, leads to a proliferative 
reaction in the periosteum and effusion 
beneath it. New bone formation occurs 
irregularly as osteophytic outgrowths beneath 
the periosteum and in the interosseous 
membrane (Fig. 44), and its form and dis¬ 
tribution may be modified 
by gravity or by muscular 
action. 

SYPHILIS OF BONES 

The bones may be 
affected in tmth tlw tecoud* 


Fia. 44. A macerated specimen of the distal 
two-thirds of the left tibia and libula, illus¬ 
trating the development of osteophytes which 
oommo^^ occurs in a case of chronic leg 
, ulcer. The new bone formation is most abun- 
"dwt at sites of muscular attachment and in 
, the plane of tlw Interosseous membrane. 
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ary an^ tertiary stages of acquired syphilis or in inherited syphilis. 
Nowadays the disease is seldom seen. 

In general, the pathology is fundamentally the same as that of. 
Syphilis in other tissues, but modified by the special anatomical and 
physiological attributes of the bone. Spirochaetes carried in the blood 
are deposited in the bone and lead to a cellular reaction. There is an 
infiltration of the periosteum by endothelial cells and lymphocytes, 
granulation tissue is formed, and subsequently this leads to fibrosis. 
Sooner or later, as in all syphilitic manifestations, there is a oinsiderable 
degree of endarteritis obliterans around the affected parts. The bone 
at the site of the lesion may undergo temporary decralcification and 
partial destruction, but later when the vascularity of the part diminishes 
it is apt to become sclerosed. 

'The bones most liable to syphilitic lesions are the tibia, sternum, 
ulna, clavicle, and the bones of the calvarium. In the long bones the 
lesions are situated usually in the diaphyses, and consequently syphilis 
of the bones, unlike tuberculosis, rarely leads to joint involvement. 

Secondary Stage. In the secondary stage of acquired syphilis the 
bones are liable to be involved after the period of the skin eruptions. 
The tibia is affected most often. Commonly there is a periostitis, which 
is mild and transient. The periosteum is infiltrated with round cells, 
and becomes painful and tender to pressure. In some cases multiple 
areas of fibrous tissue develop —periosteal nodes —^which, in superficially 
placed bones like the tibia, may be obvious as localised tender swellings. 

Tertiary Stage. In the tertiary stage of acquired syphilis the bones 
may be affected either by localized gummata (single or multiple) or by 
a diffuse gummatous osteo-periostitis. 

Gummata affect the tibia often, and are situated generally at the 
proximal third of the diaphysis. The sternum also is affected frequently. 
Less often gummata occur in the ulna, the clavicle, or the bones of the 
skull. The first stage in the formation of a gumma consists in a cellular 
infiltration of the periosteum. Later there is a proliferation of granula¬ 
tion tissue, which decalcifies the subjacent bone, often in a serpiginous 
manner. Subsequently the tissue becomes fibrous, and forms a firm 
mass raised above the surface of the bone. Multiple gummata may 
fuse and form a swelling of large size which may simulate a new 
growth. 

As the granulation tissue, loaded with calcium from destruction of 
subjacent bone, undergoes fibrosis, it provides a medium suitable for 
ossification. The new bone formed in it gives rise to a rough irregular 
eminence on'the surface of the shaft, a so-called hard node. As a result 
of the ischemia induced by endarteritis obliterans the bone in the 
vicinity of the gumma commonly undergoes extensive sclerosis. 

Sometimes the gmnma softens in the centre and breaks down 
to form an abscess or ulcer of characteristic appearance, with an 
'indurated, sharply defined, *‘punched-out*’ margin and a yellowish 
sloughing base. The ulcer provides an avenue for superadded infection, 
and a septic osteomyelitis may then develop, which may result in 
necrosis of the bone and sequestrum-formation. Eventually an ulcerated 
gami^iskay heal, leaving a glazed, yellow-coloured senr. Gummatous 
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ulcers develop most often in relation to the bones of the skull, and 
super-added infection may then lead to suppuration inside the cranium. 

Diffuse gummatous osteo-periostitis results from an infiltration 
similar to the localized infiltration of a gumma. The diaphysis of the 
tibia is affected frequently. The bone eventually undergoes sclerosis, 
and much new bone of dense structure is formed, both on the surface of 
the shaft and within its marrow cavity. The bone is greatly increased 
in weight. The periosteum is thickened, and adheres firmly to t'le 
surface of the bone, which is rough and irregular. The marrow cavity 
is encroached upon and may be totally obliterated. 

Inherited Syphilis. 

Some of the bone 
lesions of inherited 
syphilis may be con¬ 
genital, whereas others 
develop during child¬ 
hood and adolescence. 

Syphilitic osteochon¬ 
dritis or epiphysitis is 
one of the commonest 
of the early lesions. It 
occurs usually during 
the first six months of 
life, and it affects 
especially the lower 
end of the femur, but 
also the tibia, the fib¬ 
ula, or the bones of the 
forearm. Often the 
affection is multiple 
and bilateral. Being 
painful, the lesions 
prevent free move¬ 
ment, and the limbs 
may appear to be para¬ 
lysed (pseudo-paralysis 
of infancy). The path¬ 
ological process con¬ 
sists of an infiltration 
of the metaphysial 
regions of the bones by 
lymphocytes and granulation tissue. Ossification of the metaphysis is 
interrupted, and the bone already present undergoes dccalcification. 

When the affected area is cut across it is seen that the thin trans¬ 
verse line that normally marks the zone of new bone formation is 
replaced by a broad irregular band of a yellowish colour, and in this 
region the bone is softer than usual. The cartilage becomes softened, 
and separation of the epiphysis may occur. Efiusiop in the neighbour¬ 
ing joint is not uncommon. 

Gummaia, and diffuse gummatous osteoperiostUis may occur in 



Fig. 45. Syphilitic osteitis of left parietal bone, 
from a child aged two and a half years. 
{Muneum of Royal CoUfge of Surgeons of Edinburgh.) 
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inherited syphilis. They have the saine characters ns in acquired 
syphilis, and tend to affect the same bones, especially the tibia and 
sternum. The tibia is liable especially to a diffuse osteoperiostitis, and 
as a result it becomes greatly thickened and sclerosed. Usually it 
becomes curved, with the convexity anteriorly, and is flattened from 
side to side, the so-called sabre tibia. Sometimes the sharpness of its 
margin is obscured and the bone may then resembk' a cucumber in 
shape. 

Syphilitic dactylitis is a form of osteoperiostitis affecting the meta- 
carpals, metatarsals, or phalanges. The proximal phalanx of the index 
finger or thumb is most liable to the disease. New bone is forriicd 
under the periostemn, and a cylindrical, sclerotic enlargement results. 
Growth of the bone is interfered with and the digit jnay remain psr- 
n^anently short. 

The cranial lesions of inherited sy])hiiis are now reeognizi;d to be 
attributable to the malnutrition and debility associated with the 
disease more often than to a s])eeilic infection of the bofic. Thus 
craniotabes, a condi¬ 
tion of dccalcifieation 
and thinning of the 
flat bones, particularly 
the occipital bone, is 
the result of malnutri¬ 
tion and is comjjarablc 
to tlic cranial atrophy 
s een in rickets. 

‘'Parrot’s nodes,” the 
large bosses of spongy 
bone that form in the 
region of the frontal 
and parietal tubero¬ 
sities, also have their 
counterparts in rickets. 
jBrosions of the bones 
of the palate and nose, 
which result in perfor¬ 
ations of the palate 
and in the charac¬ 
teristic depressed, 
saddle-shaped nasal ridge, are secondary results of combined septic and 
syphilitic lesions of the mucous membranes. 

DIAPHYSIAL ACLASIS (Multiple Exostoses) 

The term diaphysial aclasis has been applied by Keith to certain 
diseases characterized by disturbance of the growing ends of bones. 
The most notable example is the condition formerly known as multiple 
exostoses, but there is much evidence that the rarer dyschondroplasia 
should be included, as well as, perhaps, such conditions as solitary 
exostoses and multiple chondromata, which are usually classed as benign 
tumomrs. 



Fig. -16. Syphilitic osteitis of the frontal bone, from a 
child affected by inherited sy{ihilis. The difiloe and 
outer table are extensively destroyed, and in places 
the inner table is perforated. The ulecrative proc*ess 
is irregular in distribution, and gives a worin-eaten 
appeaninee. 

(Mufeum of Royal College of Surgeons of Edinburgh.} 
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Diaphysial aclasis usually occurs as a hereditary disease, and 
sometimes three or four generations are affected. The lesions are not 
recognizable at birth but appear in childhood. They are rarely very 
noticeable before the eighth or tenth year. Males are affected three 
times more commonly than females. 

The disease is characterized by three associated pathological 
features, but all are not present in every case. The three features 

are : (1) multiple irregular outgrowths of 
cartilage and bone, (2) failure of bone 
modelling at the ends of the diaphysis, 
(8) deficient growth in length of the long 
bones. 

(1) The irregular outgrowths or exo¬ 
stoses constitute the most obvious feature 
of the disease. They are multiple and 
often in large mmibers. They occur most 
frequently near the distal metaphysis of 
the femur and the proximal metaphysis of 
tlxe tibia, but they may affect the humerus 
and other long bones, the scapula, the 
members of the pelvic girdle, and occas¬ 
ionally any other bone formed in cartilage. 
Exostoses of this type never arise from 
bones formed in membrane, and they 
never arise from epiphyses. 

The exostoses are eomposed of un¬ 
modelled bone. Sometimes they arc conical 
or pointed, sometimes rounded and glob¬ 
ular. As a result of continued growth in 
length of the bone affected, the conical 
exostoses tend to point obliquely, away 
from the neighbouring epiphysis. Often 
one such conical projection lies at the junc¬ 
tion of the normal and abnormal parts of 
the bone, whereas the globular projections 
usually are closer to the epiphysial cartilage. 
An interesting feature of the disease is 
Fig. 47. Diaphysial actois. that the affected portion of bone is covered 

Posterior asj»ct of the right ^ layer of cartilage from which 

knee joint, showing multiple j -o x- j • 

exostoses arising from the growth proceeds. Ossification proceeds in 

metaphyses. this cartilage, and thus the exostoses and 

(Mwuwn surface irregularities are formed. At about 

the age of twenty to twenty-five, when 

growth normally ceases, the cartilage ceases to form bone and becomes 

calcified. Not infrequently excessive growth of the cartilage leads to 

the formation of multiple chrondromata, which are most common in 

the hands, but may occur in many other situations. 

(2) The failure of bone modelling when present is seen at the ends 
of the diaphyses, and in these mgions the bone is deficient in calcium 
and in^^;ular in structure. Sometimes large rounded islands of cartilage 
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persist in the bones and are visible in radiograms as clear spaces in the 
bone shadow. The epiphyses are usually unaffected, but occasionally 
they are small, of irregiilar outline, and prematurely ossified. 

(8) Deficient growth in length is a common accompaniment of 
diaphysial aclasis. The subjects of this disease are usually of less than 
average height, from premature cessation of growth of the long bones, 
and sometimes they are actually dwarfed. In some cases the paired 
bones in the forearm and leg grow unequally and this leads to deformities. 

The Nature of the Disease. The precise limitation of the lesions 
to the metaphyses of bones formed in cartilage indicates clearly that 
the fundamental feature of the disease is a disturbance of endochrondral 
ossification, and that the disturbance does not occur in the early embryo 
but begins after the major portions of the bones have been normally 
formed. According to Keith, the essential factor is a failure of bone- 
modelling, the process whereby normally bone newly formed at the 
metaphysis is remoulded and adapted to become a part of the shaft. 
The bone formed after the onset of the disease consequently remains 
unmodelled, with scanty Haversian sj'stems irregularly disposed, and 
sometimes interspersed with masses of unaltered cartilage. The layer 
of cartilage on the surface, from whose deep aspect the growth of the 
exostoses proceeds, is believed to be derived from the epiphysial 
cartilage. 


DYSCHONDROPLASIA (Chondrodysplasia) 

Dyschondroplasia was described by Ollier in 1898 as a disease 
characterized by irregular ossification of long bones and by unilateral 
dwarfing. The term is now applied also to bilateral affections of similar 
character. 

The disease may affect one bone, one limb, or nearly every bone in 
the body. It generally becomes manifest in early childhood. The 
pathological changes are most marked in the metaphysial regions and 
do not affect the mid parts of the diaphyses. The bone may be some¬ 
what broadened, and is occupied by masses of cartilage, which are 
traversed and divided by long trabeculae. Exostoses may be present, 
and multiple chondromata of the hands and feet have been observed. 

The disease is now generally regarded as a variety of diaphysial 
aclasis, but differs from it in that a familial history is often lacking. 

FRAGILITY OF BONES 

A hone owes its capacity for resisting stresses and strains to two 
inherent qualities, hardness and elasticity. Hardness of bone is obviously 
due to the mineral content, whereas elasticity depends upon the soft- 
tissue elements, the periosteum, the endosteum, the bone cells and fibres. 
Decalcification of bone leads to softening and pliability, whereas 
fragility or brittleness is due to affections of the connective-tissue 
framework and may even occur when the mineral content remains 
normal. The bones may become fragile in rickets, in infantile scurvy, 
or as a result of erosion by tumours, but the term fragility of bones 
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is usually rostrictcd to certain congenital or inherited diseases of which 
fragility forms the predominating characteristic. 

Fragility of bone may be present in foetal life, or may become 
manifest in childhood, and for convenience of description it is preferable 
to recognize two distinct types, osteogenesis imperfecta, in which the 
fragility is evident at birth or in infancy, and familial fragility with 
blue sclera ,which appears in later childhood. 

Osteogenesis Imperfecta. The subjects 
of this disease are usually still-bom, but 
occasionally they survive and may attain 
adult life. The bones are excessively 
brittle, and break under the least strain, 
or even as a result of muscular action. 
Fractures are sometimes present at birth, 
and during infancy as many as a hundred 
may occur, and cause much deformity and 
shortening of the limbs. Union of the 
fractures is usually rapid, and sometimes 
is accompanied by excessive formation of 
callus. Apart from being fragile the bones 
may show little departure from normal. 
'Ihey arc well calcified, though usually of 
slender build. Microscopically, there is 
sometimes evidence of a deficiency in the 
connective tissue cells of the bone, with 
irregularity in the disposition of the bone 
lamellae. 

The long bones of the extremities are 

^'hom- Tlieparticularly liable to fracture, but no bone 

yearH, is dwarfed, and shows is exempt. The cranium often presents a 

tJic charnetfristic defonnity curious deformity. It is of relatively large 
of the licud. The femora , u j * i 

arc deformed, the result <.f very broad across the ft^mporal 

old fractures, and a marked regions. Sometimes there is an angular 
degree of coxa vara is pre- projeetion above the level of the zygoma, 

was present, but not marked, and the upper parts of the auricles may be 

projected laterally and thus rendered mi- 
duly prominent. Infants affected with osti'ogenesis imperfecta arc usually 
born of normal parents and there is rarely evidence of an hereditary 
tendency. Death usually occurs at an early age from intercurrent 
disease, but if adolescence is reached the liability to fractures 
diminishes. 

Familial Eragmty. This is an hcrcditaiy disease, which is transmitted 
in accordance with Mcndclian laws as a dominant characteristic. It 
affects both sexes, and never “ skips ” a generation. 

The fragility is usually, though not invariably, accompanied by 
other affections, of which the most obvious are blueness of the sclerse, 
abnormal laxity of ligaments, and a tendency to early deafness. 
According to Voorhoeve, all these affections arc manifestations of an 
underlying hereditary hypoplasia of the mesenchyme. 

Fractiures do not usually occur before the second ,or third year. 
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They do not occur so readily as in osteogenesis imperfecta, nor are they 
so numerous, and in most cases not more than six or eight oc<‘ur. TJie 
fractures heal readily with well-calcified callus. Fracf ures are rare after 
the age of sixteen or seventeen years. At this time the bones tend to 
become sclerosed, and in a few cases this process proceeds to an abnormal 
degree. 

Blueness of the sclerae usually accompanit's familial bone fragility, 
but is not limited to that disease. The colour varies in depth from u 
dark greyish blue to ‘‘ ehina blue,” and it is most evident immediately 
outside the cornea. It is due to abnormal translucency of the sclera, 
which allows the pigment of the subjacent uvea and veins to show 
through. Abnormal laxity of ligaments is sometimes present and 
predisposes to sprains and dislocations. Lastly, many of the subjects 
of this disease are liable to otosclerosis, which comes on in early adult 
life and is steadily progressive. 

OSTEOPETROSIS (Marble Bones. Albers-Schonberg Disease) 

This rare disease, which may be lamilial, affects one or more bones, 
and is most commonly seen at the base of the skull, in one of the verte¬ 
bral bodies, or in a long bone. The affected bone |)resents areas of 



Fig. 49. Osteopoikily ; similar cliaiigcs were present throughout 

the skeleton. 
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greatly increased density, which render it very evident on radiography. 
The compact bone is involved first, and later the sclm)sis encroaches on 
the marrow cavity, almost obliterating it. The remainder of the skeleton 
may be normal or show a certain amount of widespread osteoporosis. 
In a few cases there is an evident disturbance of c^cium metabolism, 
and there may be calcium deposits in the kidneys or the soft tissues 
generally. 

The term “ marble bones ” is a misnomer. “ Chalky bones ” would 
be preferable, for the affected bones though sclerotic are friable, and a 
pathological fracture is a common complication. 

Osteopoikily (speckled bones) is an affection of a kindred nature, 
characterized by the development of multiple small rounded foci of 
dense sclerosis, lying within the substance of bones which in other 
respects appear healthy (Fig. 49). 

ACHONDROPLASIA (Chondrodystrophia Foetalis) 

This disease, which arises in intra-uterine life, is characterized by 
disturbance of the normal process of endochondral ossification, which 
leads to dwarfing and to certain remarkable deformities. The growth 
disturbance is believed to occur between the third and the sixth month 
of fcetal life, and its effects are limited chiefly to those parts of the 
skeleton in which endochondral ossification is in progress at that 
period. Sometimes the disease is inherited, and often it affects several 
members of a family. 

The subject of achondroplasia is rarely more than 4 feet 6 inches in 
height, but the trunk is well developed, and the dwarfing is due almost 
entirely to shortness of the extremities. Both upper and lower extrem¬ 
ities are short, and contrast grotesquely with the trunk. The arms are 
so short that the finger tips may not reach the trochanters. 

The long bones are especially affected. They are sometimes little 
more than two-thirds the normal length, but they are broad and well 
calcified. The epiphyses are always enlarged, sometimes greatly so, and 
may be of irregular shape. Fusion of the epiphyses with the diaphyses 
may be premature, but often it is delayed, and may even fail to occur. 

Microscopic examination usually shows that the epiphysial cartilage 
IS narrow and the zone of proliferation is absent, and instead of the usual 
clumps of cartilage cells there are small groups of cells separated by 
intercellular substance. Fibrous tissue, cysts, mucoid areas and dense 
bone may be observed in various combinations. For this reason there 
is arrest of the normal growth in length of the long bones which remain 
of more or less equal size; the epiphyses grow normally, and are there¬ 
fore proportionately greater in size than the diaphyses. Often the bones 
are bent in an exaggeration of the normal curves, and for this reason 
knock-knee is common. 

The head is large, nmnded and brachyeephalic, with prominent 
frontal tod parietal eminences, and the nose is characteristically short, 
flattened and depressed at the base. Th^e deformities of the skull 
result firom failure of development of the cartilage-formed bones at the 
base of the skull. Failure of growth of the base of the skull limits the 
space available for accommodation of the base of the brain, but this is 
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compensated by an exaggerated growth of the membrane bones of the 
calvaria. The vertebral column may assume a deformity of lordosis, 
and the pelvis is usually narrowed in all its diameters. For this reason 
the pregnant achondroplasic is rarely delivered of a living child except 
by hysterotomy. The hands have a characteristic appearance, being 
short and broad, and the fingers are of almost equal length (trident 
hand). Delayed ossification is often apparent in the carpal bones, so 
that an achondroplasic child of ten or twelve years may have the 
carpal ossification normal for a child of one year. Achondroplasic dwarfs 
are readily distinguishable frdm cretins and mongoloid imbeciles on 
account of their muscular and intellectual vigour. Moreover, their 
sexual development is normal, or sometimes precocious. 

OSTEOCHONDRITIS JUVENILIS 

The term osteochondritis is used to denote a variety of conditions, 
described during the last few decades, which occur during childhood or 
adolescence and affect the epiphyses. The most familiar examples are 
those at the hip, the tibial tuberosity, the calcaneum, the tarsal navi¬ 
cular, and the vertebrae, but the disease is also known to occur in 
almost a score of other situations. 

It is now generally believed that all these various lesions are but 
manifestations of some common fundamental process, modified in 
different situations by local factors. The lesions occur at a definite age 
period, which is determined by the time of appearance and fusion of 
the affected epiphysis, and they occur in epiphyses particularly subject 
to undue stresses and strain. Usually only one site is affected, but in a 
few cases more than one lesion has been observed. 

The conditions have much in common. They occur more frequently 
in boys than in girls, and often follow slight trauma. The course of the 
lesion is characterized by a short active period, followed by resolution. 
Symptoms are usually mild and may sometimes be absent; in great 
contrast to this, the radiological features are always arresting. 

Osteochondritis of the Hip (Legge-Calvd-Perthes). This is a disease 
of childhood and occurs most often between the ages of five and nine 
years. It is characterized by the signs of a fleeting synovitis and by a 
sequence of osseous changes which arc out of all proportion to the 
mildness of the clinical features. 

Platt has given, a complete account of the clinical and radiographic 
manifestations of the disease. The first sign is usually a limp, insidious 
in origin and commonly painless, but occasionally accompanied by pain 
either at the hip or referred to the knee. A variable active period, 
sometimes with a mild pyrexia, is followed by a steady progress towards 
resolution. The joint usually presents only a slight limitation of the 
movements of abduction and medial rotation. Within these limits, move¬ 
ment causes no pain, and there is rarely any muscle rigidity or atrophy. 

Radiographic examination shows that the disease aff^s the head 
and neck of the femur, and to a less extent the acetabulum. 

In the femoral head the first change is a slight fiattenmg of the 
epiphysis. Then the most characteristic change develops, an appearance 
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of “ fragmentation ” of the bony nucleus of the epiphysis into a number 
of bony islets interspersed with zones of osteoporosis. Presently the 
head becomes more flattened, and its margins become splayed out, 
mushroom fashion, beyond the rim of the acetabulum. At this stage 
the flattened, deformed, “ fragmented ” head gives a striking radio- 
graphic appearance, out of all proportion to the clinical symptoms. 
Later still, when the healing stage sets in, the decalcified areas disappear, 
the bony islets gradually eoahisce, and the bone resumes its normal 

density and trabeculation. 
The flattening deformity 
may remain, and even 
increase and lead to 
chronic arthritis. 

In the neck of the 
femur the same cycle of 
osseous changes leads to 
softening of the bone, to 
broadening and shortening 
of the neck and to a 
degree of coxa vara. In 
the acetabulum the same 
changes may occur, leading 
to the adaptation of its 
articular surface to the 
altered shape of the head. 
The acetabular changes are 
entirely consequent to 
those of the head. 

Histological and 
bacteriological investiga¬ 
tions of the disease have 
been scanty. A few ob¬ 
servers have obtained 
growths of staphylococci 
from cultures of excised 
I)ortions of the femoral head, but these findings are offset by 
the negative bacteriological findings in other cases. On exposure 
of the joint, the synovial membrane has sometimes been found 
normal; in other eases a mild synovitis has been present and the joint 
has contained a slightly turbid, straw-coloured fluid. In a case reported 
by Perthes, histological examination of the epiphysis displayed what 
he regarded as a non-inflammatory replacement of cancellous bone by 
invading buds of cartilage. Phemister, on the other hand, described a 
case which, he considered, gave evidence of an old infective lesion, 
probably from an avirulent pyogenic organism. 

Many theories have been advanced to account for the condition. 
It is now definitely recognized that tuberculosis, syphilis and rickets 
c^ be excluded, and there is no evidence that the disuse owes its origin 
to endocrine derangement. At present two views hold the field : (a) that 
the disease is a low-grade inflammatoiy lesion, firom avirulent organisms. 



Fig, 50. Osteochondritis of hip (Leggc- 
Calve-Pcrthes). Tlio femoral head shows 
the fragmentation and deformation 
charaeteristic of this disease. 
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and (&) that the essential faetor is trauma, either a single injury or 
perhaps repeated stresses and strains, followed by alterations in the 
blood supply to the area affeeted. This latter view is supported by the 
age and sex incidenee of the disease, and by the history so eominonly 
obtained of some definite though minor injury. 

Tibial Apophysitis (Osgood, Schlatter). This is an osteochondritis 
affecting the tjbial tuberosity, and it usually affects; boys between the 
ages of twelve and sixteen years. 

It is essentially traumatic, a partial 
separation of the tuberosity as the 
result of sudden or excessive 
traction exerted through the fibres 
of the patellar tendon, or of a direct 
contusion of the part. The affection 
gives rise to mild discomfort and local 
swelling over the tubercle. Radio¬ 
graphically, the changes are similar 
to those at the hip. The bony 
nucleus of the apophysis is fragmented, 
and later becomes increasingly dense 
in a patchy manner. Its surface 
becomes irregular, and there is either a 
real or an apparent increase in the 
space between the apophysis and the 
diaphysis. 

In the majority of subjects the 
tuberosity of the tibia develops as a 
tongue-like projection from I he 

anterior part of the proximal tibial 
epiphysis, but in a proportion of 
cases the apophysis grows from a 
separate centre of ossification, which 
appears at the age of eleven years and Fia. r»i. Tibial apophysitis, 
usually fuses with the remainder of 

the epiphysis at from twelve to thirteen years. It has been suggested 
that osteochondritis is more prone to develop in those in whom this 
independent development occurs. 

Osteochondritis of the Tarsal Navicular (Kohler). This condition 
occurs in younger children, between the ages of three and eight years. 
It lias an insidious onset, with slight pain on walking, a limp and some 
pain and tenderness over the bone. An active period of variable dura¬ 
tion is followed by resolution. 

The characteristic radiographic picture shows a navicular smaller 
than its fellow, and of irregular outline. The bone is increased in density 
and the normal architecture of the bony trabeculae is lost. The general 
shapie of the bone is altered, and the bone is flattened from before 
backwards without any lateral expansion. 

The condition is usually regarded as the result of a mild inflammdr 
tion. Clinically and radiographically in its early stages it is not unlike 
tuberculosis uid immediate differentiation may not be {lossible. 
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Epiphysitis of the Calcaneum (Sever). This is a condition met 
with in adolescents, usually boys, between the ages of ten and thirteen, 
affecting the posterior epiphysis of the calcaneum. There are pain and 
limping of variable duration associated with difficulty in putting the 
heel to the ground. On radiographic examination, the same changes 
described in analogous affections elsewhere are noted. The calcaneal 
epiphysis appears narrow and irregular in shape, with great increase 
in bony density and a loss of the normal architecture. The lesion is 
probably traumatic in origin, the result of a direct injury or of repeated 
tearing^strains exerted upon the growing bone by the muscles acting 
through the tendo calcaneus. 

Vertebral Epiph^tis (Scheuermann-Calvd). This disease affects 
the upper and lower surfaces of the vertebral bodies. It has been 
described as occurring at various ages from ten to twenty-one, and it 
usually affects several vertebrae, not necessarily contiguous, in the 
thoracic or upper lumbar regions. 

The upper and lower margins of the vertebral bodies are increased in 
density and of irregular outline, as though eroded. The width of the 
intervertebral cartilage is diminished and there may be in addition 
some deformity of individual vertebra*, which may assume a cuneiform 
shape. The disease is manifested by slight pain and weakness in the 
back, often with some scoliosis or kyphosis. There is tenderness over 
the spines of the affected vertebrae, but little or no limitation of move¬ 
ment, and no muscular rigidity or atrophy. The disease is to be 
distinguished from tuberculosis by these clinical and radiological 
criteria, and by the response to treatment. 

POST-TRAUMATIC OSTEODYSTROPHY 

Following injuries to the wrist, ankle and foot, and less often larger 
joints, the adjacent bones may sometimes undergo progressive dccalci- 
fication, which is associated with much pain and disability— post- 
traumatic painful osteoporosis or Sudek’s atrophy. 

The osteodystrophy may be the outcome of a fracture such as Colies’ 
at the wrist or a Pott’s fracture at the ankle, but quite frequently it 
follows lesser injuries such as a contusion or a wrench of the soft tissues. 
It has been observed after infections, burns and scalds, and operations. 

The poly-articular regions of the carpus and tarsus are most fre¬ 
quently affected, less often the shoulder and knee joints. At the wrist 
or ankle the dccalciffcation is observed first in the small bones, and later 
in the bases of metacarpals or metatarsals. The cancellous bone of the 
lower end of the radius or the tibia may participate, to a lesser extent, in 
tlie porosis, but the diaphysis escapes. The osteoporosis may progress 
during many months and may be permanent; or very gradual, but 
usually incomplete, recalcification may occur. Full restoration of 
function seldom occurs : in the foot a variety of traumatic flat-foot may 
develop. The sequence of changes, as observed radiographically, is 
as follows: (1) In the early stages, irregular areas of decalcification 
producing a “ stippled ” appearance; (2) later (usually after several 
months), disappearance of the trabeculse resulting m a structureless 
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“ glassy ” appearance, a shell only representing the contour of the 
affected bones; and (3) hnally (in progressive cases), fusion of the 
affected bones into a conglomerate mass : calcification or ossification in 
the articular ligaments is frequently observed at this stage. 

The clinical features of this t 3 q)e of osteodystrophy constitute what 
is now a well-recognized syndrome, characterized by severe and per- 



sisting pain, stiffness of the affected joint, and local vasomotor dis¬ 
turbances. The pain is prolonged and its severity is out of proportion 
to the nature of the causal injury : it is aggravated by movement and 
is not relieved by immobilization. Stiffness and loss of function are 
probably the outcome of pain and associated muscle spasm. The vaso¬ 
motor phenomena are of special interest: the part remains cold, and 
for long retains a dusky cyanotic tinge, and the skin is glossy and the 
subcutaneous tissues cedematous. In the early stage sour sweat is 
exuded in excessive quantities. 
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The {Etiology of this variety of osteodystrophy does not admit of 
rc{idy explanation. The dccalcihcation suggests that hypersemia has 
been prolonged {ind exaggerated. So far as can be deduced the initial 
trauma promotes an abnormal reflex in the autonomic innervation of 
the affected part, whereby afferent pain-bearing impulses are trans¬ 
mitted to reflex centres which, in turn, convey vasomotor and other 
efferent stimuli, resulting in sustained vasodilatation peripherally— 
possibly the result of excessive production of histamine locally. Prob¬ 
ably a vicious circle is established: local hypersemia keeps up pain 
and the pain (reflexly) maintains hyperasmia. The benefit which may 
follow sympathetic denervation of the part, though logically it might 
be expected to exaggerate hypersemia, probably owes its effects to the 
abolition of the excitor influences of painful stimuli from the injured 
part. 


POST-TRAUMATIC SPONDYLITIS (KiimmeU, Vemeuil) 

This affection was mentioned by Verneuil in 1892 and described in 

more detail by KiimmeU in 1894. Tt is 
a delayed sequel to injury of the spine, 
and it is characterized by progressive 
deealcification of a single vertebral 
body, with consequent collapse of the 
body and the production of a kyphosis. 
The condition is almost limited to the 
male sex and it is commonest in early 
adult life, though not unknown either 
in childhood or in middle age. 

The initial injury is a forcible 
flexion of the spine, such as may cause 
compression of the vertebral bodies. 
It usually arises from the impact of 
heavy weights upon the bent shoulders, 
for example, in pit accidents, the force 
being then transmitted through the 
concavity of the spinal column and 
exercising its compressive effect upon 
the lower thoracic or upper lumbar 
vertebrae. In other cases the injury 
results from falls from a height, the 
force being then transmitted upwards 
from the feet or buttocks and exer¬ 
cising the same effect upon the spine. 
The initial injury is not necessarily a 
severe one, and the dystrophy has been 
known to follow such trivial accidents 
as arise from jumping from a slowly 
moving vehicle. 

In most cases at the time of injury 
there is clear evidence of damage to 
the affected vertebrae* a compression 



Fig. Post-traumatic spondy¬ 
litis. Extreme decalcification 
the first lumbar vertebra, 
with subsequent collapse of the 
spine and an angular kyphosis. 
In this case the affection was a 
late sequel to a fall hom a 
ladder. 
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fracture of minor degree, and sometimes there is a temporary paraplegia 
or other evidence of cord involvement. In others the immediate 
symptoms are mild and transitory. Sometimes clinical and radiological 
examinations fail to reveal any gross lesion of the vertcbrie, but it 
seems likely that in all cases some small degree of damage has 
occurred, and in the great majority a complete radiological investigation 
with modern apparatus would reveal some small lesion. 

Following tile injury there is an interval of several months or even 
years during which subjective symptoms and signs are absent. The 
dystrophy becomes manifest subsequently, and attention is usually 
drawn to it by pain, with weakness of the lower limbs and eventually, 
in some cases, pretgressive paresis culminating in paraplegia. Examina¬ 
tion carried out at this time reveals a striking deviation from the 
normal. An angular kyphosis is usually present, and radiological 
investigation shows that this is the result of collapse of the affected 
vertebral body, which is decalcified to an extreme degree. 

The fundamental feature of the disease is a j>ost-traumati<’ decalcifi¬ 
cation, and there is much to suggest that the affection is similar to the 
decalcification which follows injuries to the carpal lunate or other bones. 
It has been suggested that the vertebral dystrophy is th(i result of a 
trophic disturbance following injury to the nerves of the affected 
vertebra, but it seems niore probable that the fundamental factor is 
some alteration of the nutrition of the bone. 

POST-TRAUMATIC CARPAL DYSTROPHY 

In 1910, Kienbock described the affection of the carpal lunate bone 
now generally known by his name, a late sequel of injury to the bone 
which is characterized by alteration in the structure of the bone with 
irregular patchy decalcification and subsequent sclerosis. Since then 
similar affections have been observed, though less commonly, in the 
navicular and other bones of the carpus, and in the metacarpus. 

The dystrophy of the lunate bone, being, at least in the great majority 
of cases, a result of injury, is naturally commoner in males than in 
females, the proportion being about seven to one. For the same reason it 
is fully twice as common in the right as in the left wrist. The injury may 
be either a sudden severe blow, such as may be occasioned by a fall on 
the outstretched hand or repeated minor injuries. In some cases there 
has been a suspicion that the initial injury amounted to an unrecognised 
fracture or a momentary, spontaneously reduced, dislocation. 

The dystrophy does not immediately succeed the injury, but 
becomes apparent after an interval of several weeks or months, during 
which the disabling effects of the injury may have subsided. The 
dystrophy manifests itself in a recurrence of the disability, with fixation 
of the wrist, swelling over the dorsal aspect, and local pain either on 
pressure or on movement. In some cases pain over the lunate bone may 
be elicited by axial percussion of the head of the third metacarpal. 
From diminution in the size of the lunate bone this metacarpal may 
attain an unduly proximal position in the hand, with diminution of» 
prominence of the metacarpal head. \ 
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Radiological examination reveals a characteristic change in the 
form and structure of the lunate. The bone is narrowed, and in place 
of the normal uniformity there is an irregular, patchy increase in the 
density of the bone shadow. In some cases the denser patches are 
interspersed by areas of diminished density, and sometimes the 
appearance closely resembles that of a fracture of the bone. In addition, 
there may be the changes characteristic of osteo-arthritis of the 
neighbouring joint surfaces. 

The cause of the dystrophy is not yet clearly established. Kienbock 
attributed it to rupture of blood vessels caused by momentary dis¬ 
location of the bone, but such a gross injury can only be responsible in 
a small proportion. In some cases it seems rational to presume that 
the dystrophy results from some less obvious interference with the 
vascularity of the bone. 

METATARSAL DYSTROPHIES 

The forefoot has undergone fundamental changes during the evolu¬ 
tion of orthograde man from his primitive arboreal stock, in order to 
render the foot able to take the body weight during standing and 
walking. It seems likely that an atavistic structural anomaly of the 
forefoot, by predisposing to strain, may be a factor in the aetiology of a 
number of diseases characterized by metatarsal pain. In a recent paper 
Bruce has put forward evidence for including such widely differing 
conditions as metatarsalgia (Morton’s Disease), marching foot (Deutsch- 
lander’s Disease) and the Kohler-Freiberg disease of the metatarsals in 
this single group. 

The Primary Anomaly. In the pronograde foot of apes, adapted 
for prehension, the hallux is thumb-like, with a short metatarsal bone 
widely abducted in the varus position and very mobile in relation to 
the other metatarsal bones. During evolution towards the human form 
the hallux metatarsal becomes adducted towards the other toes, it 
becomes fixed in position, and its length approximates more closely to 
that of the other metatarsals. Coincidently it becomes thickened and 
strengthened and assumes an important part in the formation of the 
longitudinal arch of the foot. 

Quite commonly the first metatarsal bone presents a structural 
anomaly which may be regarded as an atavism; the bone is abducted 
to the varus position, is relatively short and possesses an exaggerated 
mobility (metatarsus varus, brevis et mobilis)'. This anomaly tends to 
weaken the longitudinal arch of the foot. The weakness may be com¬ 
pensated by bony hypertrophy or by an increase in muscle tone 
(especially of the adductor hallucis muscle, which serves to anchor the 
first metatarsal bone to the second, and the lumbricals and interossei, 
which keep the small toes in contact with the ground and so diminish 
the load on the metatarsal heads). If, however, these compensatory 
mechanisms fail, as may occur from strain, overwork, illness or mal¬ 
nutrition, an increased strain is placed upon the forefoot and one or 
more of the following affections may develop. All of them are charac¬ 
terized by pain in the ball of the foot, swelling over the dorsum of the 
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metatarsal region, dorsiflexion of the metatarso-phalangeal joints, and 
pain on moving the toes. 

Metatarsalgia (Morton’s Disease). Two varieties of metatarsal 
pain are included under this term. The one, which is of neuralgic 
character, has been attributed variously to compression of a digital 
nerve between the contiguous heads of the metatarsal bones, or to 
traumatic inflammation of a small adventitious bursa sometimes found 
in this same situation. The other, whieh is of a constant, aching 
character and situated under the ball of the toes, is attributed to a 
strain of the metatarsal arch. 

Marching Foot (Deutschlander’s Disease). This very disabling 
condition occurs mainly in infantry recruits or in hikers and comes on 
after unusually strenuous marching. It has also occurred in those, such 
aS nurses, whose occupation entails much standing. The disease affects 
one of the metatarsal bones, usually the second one, and it is charac¬ 
terized by the development of a mass of bone in relation to the middh' 
of the metatarsal shaft. In most cases the metatarsal shaft presents a 
fracture at this level. Recent radiographic investigations indicate that 
the earliest feature is the formation of new bone under the periosteum 
around the shaft, and that later the shaft becomes decalcified and even¬ 
tually undergoes fracture. It is thought that the essential a'tiological 
factor is a bending strain imposed ujion the delicate metatarsals in 
walking, as a result of strain of the forefoot induced by a metatarsus 
varus deformity. 

Kdhler-Freiberg Disease of the Metatarsal Heads. This affection, 
wiiich must be distinguished from Kohler’s disease of the tarsal navi¬ 
cular, is characterized by dccalcification and collapse of the spongy bone 
immediately subjacent to the articular cartilage on the dorsal aspect 
of the head of one of the metatarsals, generally the second. The 
affected bone may form a loose fragment and be set free in the proximal 
toe joint. A hammer-toe deformity is often present, and it has been 
suggested that minor trauma acting along the line of the first phalanx 
constitutes an aetiological factor, superimposed upon the strains asso¬ 
ciated with a decompensated metatarsus varus. 

i Dystrophic (Fatigue) Fracture. Bone changes similar to the above 
have been observed in the long bones, especially in the upper third 
of the tibia and the distal end of the fibula. In the tibia the change 
is marked by a zone of rarefaction in the shaft of the bone some 2 to 
8 inches from the epiphysis, with a variable amount of new bone forma¬ 
tion at the same level on the outer, less often the inner, aspect of the 
tibia. In rare instances, if untreated, it culminates in complete fracture. 

The origin of the dystrophy, which has received the title of “ fatigue 
fracture,” is a matter of conjecture. It is believed to result from 
prolonged stress at the affected part of the bone. 

RICKETS 

The word “ rickets ” is probably derived from the Old English 
** wrickken ” (“ to twist ”), and it describes well the skeletal deformities 
that constitute such a striking outcome of the disease. From the 
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surgeon’s point of view, rickets is sometimes regarded as entirely a 
disease of bones, but actually the bony lesions form only one aspect 
of a general constitutional disorder that afl’ects almost every system of 
the body, and the early symptoms are more often related to the gastro¬ 
intestinal tract or the general health than to the bones. 

Rickets is now known to be due to deprivation of vitamin D. In 
Great Britain formerly it was common among children of the poorer 




I'lG. 54. Artive rickets in a young child. 
Radiograph allowing broadening and 
irregularity of the metaphyses. 


Fig. 55. Rickets affecting knee 
region. Radiograph showing 
broadening and irregularity of 
metaphyseal regions and second¬ 
ary bowing of femur. 


classes, whose diet was deficient, and especially in the large towns 
where the ultra-violet rays of sunlight are filtered off by the smoke pall. 
Since about 1917, when cod liver oil and other vitamin-rich preparations 
came into general use for infant feeding, the disease in its active form 
has almost disappeared. 

Rickets begins usually between the ages of six months and two years. 
After a variable period, a few months or a year or so, the active phase 
of the disease may cease, but its effects upon the skeleton remain, either 
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as obvious deformities of the extremities, thorax and skull, 'oi* as less 
obvious deformities of the pelvis. 

In the active phase of the disease the child is aineiuic* and wasted. 
There is a general enlargement of lymph glands and of the spleen, 
and this, with much muscular hypotonicity, caiises the cliaraeteristic 
protuberant “ pot belly.” Often there are recurring atttu'ks of bron¬ 
chitis and of diarrhoea, and there may be su(*h nervous symptoms as 
tetany or convulsions. 

Changes in the Bones. The role of vitamin D is to faeilitalt' the 



Fig. 50. Rickety deformity of the pelvis. The pelvic lioiies arc beaked 
anteriorly, the acetabula arc displaced medially, and the pelvic 
aperture has assumed a trefoil shape. The sacrum has rotated under 
the body weight, and the promontory is projected anteriorly, 

(Miueum of Royal CMege of Surgeotu of Edinburgh.) 

absorption of fats from the alimentary tract and thus to promote the 
absorption of calcium phosphate. When it is lacking, osteogenesis is 
impaired. Thus there is a temporary disturbance of the ossifying 
process, whereby the bone that is formed dining the active phase of 
the disease is evolved very irregularly and is soft, pliable *and readily 
deformed. The bone formed before the onset of the disease is relatively 
little affected ; after the disease has run its course the normal process 
of bone formation is resumed; but that part of the bone laid down 
during the florid stage of the disease for long remains obvious. 

If a longitudinal cut be made at the end of a healthy growing bone 
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the site of bone gro\vth is represented by a thin white transverse line, 
which marks the orderly replacement of cartilage by bone. In rickets 
the appearance is very different. In place of the thin white calcified 
line there is a broad pale yellow area, soft and devoid of calcium. In 
this broad strip the ossifying process is totally disordered, and irregular 
islets of unchanged cart-ilage alternate with areas of imperfectly formed 
tx^e. In addition, the whole region of ossification is expanded laterally 
and swollen, and under the stresses of weight-bearing or muscular 
activity the softened bone often becomes bent or curved. 

Enlargement of the growth regions and curvatures constitute the 
principal macroscopic changes. In addition, the whole skeleton is often 
stunted. 

At the costochondral junctions there develop raised bead-like nodules 



Fig. 67. Endochondral ossification in rickets. A microscopic section of 
the costochondral junction of a rickety puppy (low power), (a) Pre¬ 
formed hyaline cartilage. (6) Zone of proliferation of cartilage cells. 

(c) Newly formed bone trabecuhe. The whole region of ossification 
is enlarged and deformed. Tlie cartilage cells have proliferated 
irregulariy and persist in islands among the bone trabeculae. The 
tral^culae are almost devoid of calcium. • 

which project both superficially under tire skin and deeply towards the 
thoracic cavity, the rickety rosary. A “ pigeon-breast ” deformity 
sometimes results from bending or infraction of the ribs from the 
stresses of respiratory movements, and a horizontal sulcus (Harrison’s 
sulcus) may appear, from traction on the soft ribs. 

TAc long hones in rickets are often bent, especially in children who 
are not too feeble to cu'awl or walk. In the femur the natural curves are 
exaggerated and the bone is bowed both forwards and laterally. Yielding 
of the femoral neck under the body weight may lead to a severe degree 
of coxa vara. The tibia is often b^t both anteriorly and laterally, and 
a pronounced degree of bow-leg may result. Occasionally the reverse 
d^omity, knock-knee, occurs, and rarely one limb is bent inwards, the 
other out. The growing ends of the long bones become swollen. This 
is often especially distinct at the distal ends of the radius and tibia, 



BICKEfS 147 

particularly if the child has been allowed to support its weight on these 
bones. 

The pelvis, which is subject to so many stresses from adoption of the 
upright position, becomes greatly deformed if the child is allowed to 
stand. Two principal types of deformity are recognized. Most often 
there is a flattening of the whole pelvis, with diminution in the conjugate 
diameter; rarely the pelvis assumes a trefoil shape like that seen in 
osteomalacia.' Either of these deformities may be an impediment to 
the passage of the foetal head during parturition. 

The skull becomes broadened, from the formation of much soft 
osteoid tissue under the pericranium. The forehead is square and broad, 
and large bosses develop over the frontal and parietal tuberosities. The 
vertebral column is affected (hence the name rachitis which is sometimes 
applied to the disease), and from softening of the bones and laxity of 
the soft parts there develops either kyphosis or, more often, scoliosis. 
Ijastly, dentition is delayed, and calcification of the teeth is defective. 

Microscopic Appearances. Rickets affects principally those parts 
of the bones that are actively growing, and the pi-occss is therefore 
most obvious near the ends of long bones ; to a less extent it is seen also 
under the periosteum. 

The microscopic changes characteristic of the process of endo¬ 
chondral ossification have already been described {see p. 109). In the 
normal process the most striking feature is the orderliness of the changes, 
and this is manifest in the regular arrangement of the different zones, 
from unchanged cartilage at one end, through the zones of cartilage- 
cell proliferation and of provisional calcification to that of actual bone 
formation. 

The process in rickets is very different, for here all is disorder. 
The cartilage cells proliferate, sometimes to excess, but in.stead of 
forming straight columns they lie in irregular masses; the zone of 
provisional calcification is no longer a thin well-defined white line, but 
is uneven and indistinct; the invading capillaries run in all directions; 
the bone cells proliferate irregularly, and, since no calcium is available, 
only imperfectly calcified osteoid tissue is produced. Large islets of 
hyaline cartilage remain altogether unaltered, and may persist in regions 
normally occupied by fully formed bone. 

When the disease has run its course the first evidence of healing is 
the deposition of calcium, first as a thin irregular line of poor density, 
later in greater amount. That portion of the bone formed during the 
rickety period remains for a long time imperfectly calcified. Eventually, 
however, it heals, leaving little abnormality. 

Appearance in Radiograms. Interpretation of the pathological 
process is greatly assisted by radiographic examination. By this method 
it is possible to distinguish two types of “ florid ” rickets. If the child 
has been too ill to support itself, there is seen the passive type of florid 
rickets. At the metaphysis there is a striking departure from the 
normal, and in place of a straight well-defined line of opacity separating 
bone from cartilage there is a broad irregularly blurred area. Since 
much of the newly formed osteoid tissue transmits the rays, the bone 
shadows of epiphysis and diaphysis are separated more widely than 
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usual, but there is no gross deformation or infraction. The active type 
of florid rickets is seen when the child has been able to crawl or walk. 
The epiphysial line is even more blurred and irregular than before, and 
since the soft osteoid tissue expands laterally when compressed by 
weight-bearing, the bone shadow is considerably broadened. Lack of 
calcium is more evident in the central axis of the bone than under the 
periosteum, and in radiograms this leads to an apparent scooping out 
of the end of the bone (cup-shaped deformity). Infraction of the 
cortical bone or actual grecn-stick fractures may sometimes be seen. 


OSTEOMALACIA 


In virtue of its derivation {oareov, bone; /toAoKos’, soft), the term 
osteomalacia may be applied correctly to any condition of bone softening, 

but it is nowbv custom limited 



Fio. .W. Osteomalacia. The pelvis is 

greatly defonned and there is a bilateral 
coxa vara deformity. The ribs and 

the sternum arc distorted. 

{Museum of Bogal CoUei/e of Surgeons of Edinburgh.) 


to one special type of affection. 
This is a generalized skeletal 
disease which almost always 
affects pregnant or parous 
women, especially women 
debilitated by inadequate 
food, restricted freedom, 
frequent pregnancies and 
prolonged lactation. Very 
occasionally men are affected 
(senile osteoporosis). A similar 
condition, “ hunger osteomal- 
aecia,” was prevalent in the 
starving population of Vienna 
during 1919-20, especially in 
middle-aged subjects of both 
sexes. 

The disease is characterized 
by extreme decalcification of 
the bones, willi consequent 
deformities from curvature or 
fraeture. It usually com¬ 
mences during pregnancy and 
undergoes a remission at the 
termination of lactation, but 
the progress is greatly hastened 
by succeeding pregnancies and 
a fatal outcome is rarely 
delayed more than a few 
years. 

The. eause of ostconpilacia 
is not yet definitely deter¬ 
mined, and indeed it seems 


likely that there is no one cause, but a munber of contributory 
lectors. In the later months of pregnapey a lai^e amotmt of calcium 
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is required for foetal ossification ; during lactatioii a large amount is 
lost in the milk; and when for any reason the intake of calcium 
is diminished the necessary calcium is removed from the skeleton. 

Thus the underlying causative factor in osicoiiialaeia appears to 
be a deficient intake of calcium. This may result cither from a faulty 
dietary or, more often, from impaired absorption in the intestinal 
tract. There is some evidence to suggest that in many eases the 
impaired absorption results from a lack of vitamin D, and osteomalacia 
is thus comparable to rickets. 

Osteomalacia in gross form is rare in (Ireat Britain and America, but 
it is not uncommon in certain parts of France, Austria, and Italy, and 
it is endemic over wide areas of Northern China and Northern India. 
The reasons for this distribution arc not far to seek. In the north of 
Cliina the diet is often deficient iji calcium and in vitamins, and the 
severity of the winter and the practice of foot-binding combine to keep 
the women indoors. In India the observation of strict purdah entails 
close confinement, and the risk of tiholera prevents the free use of fresh 
vegetables and fruits. Both in China and in India prolonged 
lactation is customary, and this results in great depletion of the calcium 
reserves. 

Appearance of the Bones. The bones arc decalcified to an extreme 
degree, and as a result they are soft, i)liablc, and readily cut with 
a knife. In some cases they may be bent or twisted witli ease. On 
section it is seen that the bone is extremely porous. The trabecula: 
are eroded, and sometimes little osseous tissue remains except in the 
cortex. The marrow and all the interstices of the bone are filled with 
connective tissue of great vascularity. 

Microscopic examination confirms the changes just described. The 
enlarged lacuna: of the bone contain numerous large blood vessels witli 
young fibrous tissue, and the bone trabeculae are narrowed or almost 
obliterated. A striking feature is the great paucity of calcium. The 
outer zones of the trabeculae are composed of osteoid tissue completely 
lacking in calcium, and such calcium as remains is concentrated in 
small deposits at the centre of the trabeculae. 

The Deformities. Skeletal deformities constitute the most obvious 
feature in osteomalacia. All parts of the skeleton participate, but 
the deformities are most evident in the parts of the bones exposed to 
stresses from gravity or muscular action (so-called Looser’s zones). 

The pelvic bones are especially affected. The acetabula are forced 
medially from the pressure of the femoral heads, and the pubic bones 
become beaked anteriorly, the sacrum is rotated under the body weight 
and its promontory is projected forwards, and thus the upper pelvic 
aperture assumes a trefoil shape (see Fig. 56). 

The bones of the lower extremity are usually deformed by weight 
bearing. The femur and tibia may become bowed with an antero¬ 
lateral convexity and coxa vara develops. The ribs are bent medially 
in their mid-portions, and the vertebrae may soften and collapse. 

Death may be due to intercurrent pneumonia, or to complications 
during parturition, the result of the pelvic deformity. 
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OSTEITIS FIBROSA (Fibrous Osteodystrophy) 


Osteitis fibrosa may occur as a g eneraliz ed disease affecting the 
whole or the greater part of the skeleton, or as a localized affection of a 

sihgle ljone. It may 



affect either sex, but is 
(twice as common in 
women as in meii^ The 
generalized disease 
arises usually in 
adult life; it runs a 
progressive course and 
it usually terminates 
fatally within a few 
years of the onset. ;|5^e 
localized disease, on the 
other hand, usually 
commences in adole¬ 
scence, and progresses 
slowly, and in some 
cases it may become 
stationary.^ In their 
pathological features, 
moreover, the two 
types differ somewhat, 
and they wUl therefore 
be described 
separately. The 
generalized type is the 
less common, but owing 
to the extensiveness of 
its manifestations and 
the more frequent 
opportunities for post¬ 
mortem investigation it 
has been studied much 
more closely than the 
localized type. 

Generalized Osteitis 
Fibrosa 


Fio. 89. Osteitis fibrosa of the femur. The bone is , . UO m m o n 

extensively replaced by vascular connective tissue disease was first 
and contains two cysts. A pathological fracture adequately described 
has united in foulty position, and the softened bone u,, „ 
has become greatly deformed. py V. Recklinghausen 

{Mtuam of Royat CtIUege of Surgeont cf MMvrgh.) 18 &1. It is 

characterized by(^wide- 

spread skeletal changes with decalcification and fibrosis of the bon^. 


and often by the formation of cysts . end. tumours in the bone^ 
Recent investigations have shown that in the majority of cases the 
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disease results from hypersecretion of the parathyroid glands, usually 
due to a p£ifatfr|nroid tumoufT. 

(1) The Skdebil Changes. The outstanding pathological change 
in the bones is decalciiication, and it may proceed to extreme 
degrees. The/cancellous bone is principally affected, but the cortex 
also shares in me process, 'i 

As a consequence of the decalciiication the bones are greatly 
softened and they are very liable to curx'atures or fractures. Sometimes 
they are so soft as to be cut readily with a knife. The stresses caused 
by gravity and muscular action lead to gross deformities of the bones. 
The femora are bowed autero-latcrally, coxa vara develops, the tibia 
becomes convex 
anteriorly, the vertebral 
(Column becomes 
kyphotic, the ribs bend 
at their angles and 
produce a pigeon-breast 
deformity, and the 
pelvis may assume the 
trefoil shape of 
osteomalacia. 

The bones are 
increased in girth but 
smooth* on the surface 
and covered by normal 
periosteum. Cortex and 
cancellous bone are 
extremely spongy and 
their interstices are 
filled with soft vascular 
granulation tissue, 
which replaces the 
whole fatty marrow. 

Microscopically, the 
trabecule and lamellse 
are lacking in calcium 
and are greatly reduced in size. The lacuna, which are correspondingly 
enlarged, are filled by vascular young connective tissue in which are 
numerous multinucleated giant cells of “ osteoclast ” type. In places 
there is evidence of the formation of new bone, which is almost devoid 
of calcium (osteoid tissue). 

Cysts of various size, sometimes as large as a golf ball, are usually 
present, probably as a result of degenerative changes. They( contain 
brownish, watery fluid or gelatinous material^ When large they render 
the bone very liable to fracture. 

In many'cases multiple tumours are also present in the affected 
bones. The tumours We solid or partly cystic, and of brownish or 
reddish colour, and microscopic examination shows that they have 
the characters of giant tumqun (mv p. 168). The tumours are usually 
of small size, but one or more may enlarge and attain considerable 
dimensions. They usually pursue a non-malignant oourse, but 



Fro. 60. Osteitis fibrosa. The bone trabecul® are 
reduced in size, and the intervening spaces are 
occupied by vascular fibrous tissue. There are 
numerous giant cells of osteoclast type, mainly 
situated in apposition to the bone trab^lse. 

{Laboratory of Boyal College of Phyticiant of Edinburgh.) 
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occasionally they may undergo sarcomatous change. The tumours of 
osteitis fibrosa present one of the most interesting problems in the whole 
field of oncology, for they have all the characteristics of true neoplasms, 
yet are apparently an end-result of the excessive production of 
parathyroid hormones. 

(2) Hyperparathyroidism in Osteitis Fibr(»a. It is now recognized 
that in most cases the skeletal changes characteristic of osteitis fibrosa 
occur as a secondary result of over-activity of the parathyroid glands. 
Generally, an adenoma of one of the parathyroid glands is responsible 
for increasing the output of parathormone. The tumour may be in a 

normally placed gland, or may be 
situated as high as the base of the 
skull or as low as the mediastinum. It 
is often of small size, or may be as 
large as 7 cm. in the long axis. Less 
often there is no tumour but a diffuse 
hyperplasia of one or more of the glands. 

Hyperparathyroidism is believed 
to (cause decalcification of the skeleton 
in virtue of its effect upon the inorganic 
phosphates of the bloody Its first effect 
is to cause excretion of phosphates and 
thus to reduce the ionic phosphate 
content of the blood. ^ For the reasons 
discussed on p. Ill, this demands a 
corresponding increase in the ionic 
calcium of the blood, which is effected by 
liberation of calciimi from the skeleton.^ 
Thus while the bones become 
progressively rarefied, the calcium con¬ 
tent of the blood is increased, from 
the normal figure of 10 mgm. per cent, 
to 12 mgm. per cent., or even to over 
20 mgm. per eent .As a secondary 
result, calcium “ overflows ” into the 
urine, and the urinary calcium may 
be increased to eight times the 
normal amount. Often this leads to the formation of urinary stones. 
In a few cases the ^excess of calcium is deposited in certain tissues, 
notably the kidney and the stomach wall. , 

It should be mentioned that in a small proportion of cases osteitis 
fibrosa cannot definitely be attributed to hyperparathyroidism, and is of 
unknown aetiology. For this reason, parathyroidectomy should only 
be advised if there is definite evidence of hyperparathyroidism. In most 
cases increase in the calcium content with diminution in the inorganic 
phosplmte content of the blood puts the matter beyond doubt. There 
have been, however, a few recorded examples of undoubted parathyroid 
osteitis in which such abnormalities could not be detected, and in which 
an increase in the calcium content of the urine was the only evident 
biochemical abnormality. 



Kig, Bl. Osteitis fibrosa eystica. 
The shaft of the femur is 
broadened and deesdeihed. The 
cortex is thin and the distinction 
l)ctwcrn cortex and niedidla is 
lost. 

{liy coutieti/ oj Dr. Seott I'ark.) 
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Localized Osteitis Fibrosa 


This affection is considerably more common than the generalized 
disease and it differs greatly in its course. It arises usually in 
adolescence, progresses slowly over a period of several years and often 
ulidergoes remission. A single bone is usually affected, or rarely two 
or three bones. The upper end of the femur is the cc^mmonest site, less 
often the hiunerus or Tibia, but no bone is immune. The first part of 
the bone to be affected is the metaphysis, and from here the disease 
spreads down the shaft. It rarely involves more tlian half the length 
of the shaft, and the'epijdiysis usually remains free. C’ysts of various 


size are usually present, and 
occasionally almost the whole 
affected area is replaced by a 
single large cyst (one type of 
simple bone cyst). 

The cysts render the bone 
very liable to fracture, but in 
spite of the lack of available 
calcium the fracture may heal 
with firm bony union, though 
slowly. " The stimulus of the 
fracture may lead to arrest of 
the disease. 

Localized osteitis fibrosa 
differs from the generalized form 
in that it has no e vident relation 
to parathyroid disorders or to 
dl^urbances of calcium meta- 
holism. Parathyroid o v e r- 
growths have not been observed, 
the blood calcium is normal, and 
there is no disturbance of the 
calcium balance. 



OSTEITIS DEFORMANS 
(Paget’s Disease) 

In 1876, Paget described a 
generalized affection of the 
skeleton occurring in middle- 


Fic. ()2. Osteitis deformans. Paget’s 
original case. A man aged sixty-eight 
years, who had suffered from pains in 
the limbs during twenty-two years. 
Eventually a san'oma of the radius 
developed. Note the curvatures of the 
vertebral column and lower limbs, and 
the large size of the head. (After Paget.) 


aged or elderly subjects of either sex and characterized at first by 
decalcification of the bones with softening and curvature, and sub¬ 
sequently by recalcification and hardening of the bones. Every 
bone is affected to a greater or less degree, but the principal changes 
are generally seen in the bones - of the lower extremity, the skull, 
spine, and clavicles. A similar disease sometimes occurs which involves 
a single bone or a few related bones, the remainder of the skeleton 


being unaffected. 

The affected bones are increased in thickness, and, becoming 
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Fig. 03. Osteitis deformans. The calvarium from Page’s original case. 
Note the great increase in the thickness and density of the bone. 
(After Paget.) 


softened, undergo deformation. The tibia becomes convex anteriorly, 
the femur bows forwards and laterally, coxa vara develops, and the 

patient becomes broad-hipped, bow-legged 
and bent. 



Fig. 64. Osteitis defor- 


The surfaee of the bone in its final stage 
is rough and deeply furrowed, and extensively 
pitted. The periosteum does not appear to 
take part in the disease and is not thickened, 
but it is often firmly adherent to the under¬ 
lying bone. 

On longitudinal section the most striking 
feature is a loss of the normal distinction 
between compact and cancellous bone. At 
first the whole bone is spongy, and both 
the bone spaces and the marrow cavity are 
filled with vascular connective tissue. Later, 
as the vascularity dies down the texture 
becomes more solid, and the bone is “ more 
compact looking, and dense like limestone ” 
(Paget). Finally, near the surface the bone 
may assume an ivory-like sclerosis, but this 
is a rare change and is limited to small 
areas. Small cysts containing yellow or 
reddish gelatinous material may occur. 

The skull is always affected in some 
degree. The disease involves the cranium 
principally, and the bones of the face are but 
little affected. The base of the skull some- 


mans. The femur from times participates but may remain unaffected. 

the TO™"^ra*de- The bones of the vault show an increase in 
formity, and the great thickness, sometimes to as much as 2 cm, 
^"^ne enlargement is responsible for one of the 

(Alter Paget.) * first signs of the disease, a progressive increase 

in the size of the cranial circumference. 


The in thickness does not cause the cranial cavity to be 

reduced in size, but sometimes the fircmtal ^ ^uses, are encroached 
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upon. The diploe of the flat bones is narrowed, or may even be 
obliterated. The bone is at first soft and vascular, and in the macerated 
specimen the sponginess is so great that water poured into the calvaria 
flows readily to the exterior. Later the bone becomes dense and 
hard. 

In the vertebral column similar pathological changes occur, and 
firom the generalized softening the whole column becomes shortened and 
bent. A regular anterior concavity of the whole spine commonly 
develops. The vertebral changes, together with deformities of the 
femora and tibiae, bring about a progressive diminution in stature, 
even to the extent of a foot. A further result of the vertebral 
changes is a narrowing of the vertebral canal, and in rare cases this 
may lead to compression paraplegia. 

In the upper limbs, the clavicle, humerus and ulna are the bones 
most obviously affected. The clavicle becomes thick, and an exaggera¬ 
tion of its normal curves leads to undue prominence. The humerus 
and ulna may become curved with a posterior convexity. With the 
bending of the trunk and lower limbs there is a relative elongation of 
the upper limbs, and the attitude of the patient may finally bear 
a striking resemblance to that of an anthropoid ape. 

Microscopic Appearances. The microscopic appearance of osteitis 
deformans varies at different stages of the disease. At an early stage 
decalcification predominates, and the thickness of the lamellse is 
decreased. The bone lacunse are enlarged and are filled with vascular 
connective tissue, which often contains giant cells of “ osteoclast ” type. 
At a later stage new bone formation is seen. The new bone is formed 
on a different plan from the old, and lacks the regular arrangement of 
normal bone. The lamellse are formed without regard to functional 
stresses, and Haversian systems are irregularly disposed. 

Course of the Disease. Osteitis deformans is a disease of insidious 
onset and slow progress, and often first comes to notice on the occurrence 
of curvature or fracture of one of the affected bones. In other cases 
the increase in the size of the head leads to its recognition. OccasionaUy 
the excessive sclerosis of small areas of the bones may culminate in 
sequestrum formation, and with the access of mild infection an ulcer 
may result. Sarcomatous change is not unconunon, and is said to occur 
in 5% of cases. 

Pathogenesis. Little definite is known about the cause of osteitis 
deformans. It appears certain that the disease is not hereditary, that 
it is not related to syphilis or other specific diseases, and that it is not 
a bacterial infection. The generalized distribution of the pathological 
changes strongly suggests that the fundamental factor is some dis¬ 
turbance of the endocrine control of bone metabolism. Kay has shown 
that the enz 3 rme phosphatase is constantly present in excess, but this 
is not a characteristic feature, for it is present in any form of generalized 
skeletal decalciflcation. 

The pathological process of osteitis deformans has been compared 
to that of osteitis fibrosa, and it will be noted that there is the 
same sequence of events, primary vascularization and decalcification, 
followed kter by new formation of bone; but in osteitis deformans 
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the ultimate new bone is much more abundant and more diffusely 
distributed. 


CYSTS IN BONE 

The following varieties of cyst may arise in bones : (1) solitary or 
simple cysts, (2) cysts in bone tumours, (8) cysts associated with osteitis 
fibrosa, (4) hydatid cysts. 

Solitary or simple bone cysts arise most often in childhood or 
adolescence. They are situated generally in the humerus, and they 
rarely affect other bones. The cyst usually arises in the region of the 
proximal metaphysis of the humerus, but as the bone elongates it 
gradually assumes a more distal position and ultimately may be situated 
several centimetres from the metaphysis. 

The cyst may attain considerable size and the bone at the affected 
site may be reduced to a thin shell. It is then very liable to fracture. 
In some cases fracture appears to arrest the growth of the cyst and 
may allow of repair. 

The cyst generally contains clear watery or slightly blood-stained 
fluid. It possesses no lining membrane and the wall is composed of 
fibrous tissue or bone. Often the cyst wall contains multinucleated 
giant cells of osteoclast type and the microscopic appearance may 
resemble that of osteitis fibrosa. Indeed, it seems probable that the 
two conditions are closely allied, and that simple cysts arise from a 
very circumscribed area of osteitis fibrosa in which degeneration and 
liquefaction predominate. 

Cysts in bone tumours arise most often in connexion with giant-cell 
tumours, and often the greater part of the tumour becomes cystic {see 
Fig. 69). Generally such cysts contain blood-stained fluid or jelly-like 
material and are smooth walled. They possess no distinct lining mem¬ 
brane and the wall is composed of tumour tissue. Cysts arise also in 
chondromata, as a result of mucoid degeneration, and cysts may arise 
from degenerative changes in a sarcoma, myxoma and myeloma. 
Multiple cysts, especially in the nian'ow of the metacarpal bones and 
the phalanges, is an occasional feature of sarcoidosis. The condition has 
been styled “ osteitis multiplex cystica.” 

Hydatid cysts of bones, and cysts associated with osteitis fibrosa, 
are described on pp. 52 and 151 respectively. 

XANTHOMATOSIS OF BONES (Skeletal Lipoid Granulomatosis) 

Cases of this remarkable disease were described, under various 
titles, by Thomas Smith in 1865, and later by Hand, by Schuller and 
by C^istian, but its true nature was not understood until 1925. 

It is characterized by the development of multiple tumours in 
certain bones, and, in most cases, by exophthalmos, diabetes insipidus, 
and inflammation of the mouth and gums. Occasionally the disease has 
been associated with dwarfism, jaundice, and dystrophy of the adiposo¬ 
genital type. 

The disease occurs most often in young children, but is encountered 
occasionally in adults. There is no evidence of a iraiinal or familial 
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incidence. In approximately one-third of the cases, the disease pro¬ 
gresses and soon proves fatal. In the remainder, spontaneous remissions 
occur, and if early treatment is instituted, especially by adequate 
X-ray therapy, the progress may be arrested and complete healing 
ultimately achieved. 

The Bony Lesions. The most characteristic feature of the disease 
is the development of multiple tumours of xanthomatous type. In the 
great majority 'of cases the tiunours arc limited to bones formed in 
membrane, especially the cranial bones and the mandible. Less often the 



Fig. 05. Xanthomatosis of bones. Tlie radiogram shows the characteristic 
defects in the bones of the skull. 

(Bv courtesy of Professor Sir John Fraser.) 


scapula and pelvis are involved, rarely the long liones of the extremities. 

The tumours are multiple, rounded and well circumscribed. In some 
cases they are palpable under the scalp, or they may cause exophthalmos 
or other pressure effects. They are readily recognizable on X-ray 
examination, which demonstrates large, irregularly rounded defects in 
the bones, not unlike the lesions characteristic of osteitis fibrosa. 

The microscopic appearance of the tumours is closely similar to 
that of xanthoma in the skin and subcutaneous tissues. The tumours 
are composed mainly of large endothelial cells, with small, dark, rounded 
nuclei and a delicate reticular cytoplasm. These “ foamy ” cells owe 
their appearance to the presence of numerous minute globules of 
cholesterol esters, lying within the cytoplasmic network. 

When healing takes place, either by spontaneous remission or as a 
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result of X-ray therapy, the lipoid-laden cells are replaced by young 
fibrous tissue, and later by new bone, so that eventually it may be 
difficult on X-ray examination to recognize where the tumours had been 
situa^d. 

The Other Lesions. In a small propprtion of cases the bone lesions 
form the only recognizable feature of the disease. More commonly, 
one or more of the following disorders coexist. 

Exophthalmos is present in more than half the cases. It may be an 
early feature, and is probably due to forward displacement of the 
eyeball by a xanthomatous tumour arising in the wall of the orbit. 

Diabetes insipidtis is almost equally common. In a few cases it 
appears to be due to pressure by a xanthomatous tumour in the region 
of the sella turcica, but more often there is no evidence of this, and the 
cause and significance of the polyuria remain in doubt. 

Gingivitis and stomatitis occur less often, usually in association with 
xanthomatous tumours of the mandible. Their clinical importance 
arises from the fact that tenderness along the gums, with loosening of 
the teeth, may afford the earliest evidence of the disease. 

The pathogenesis is not clearly understood. In view of the frequent 
association with diabetes insipidus, a primary affection of the hypo¬ 
physis or midbrain has been suggested. On the other hand, the nature 
of the cholesterol-laden deposits suggests that a disturbance of the 
lipoid metabolism is at fault. The blood cholesterol content in most of 
the recorded cases, however, has been within the limits of normal, and 
it must be admitted that at present there is no direct evidence of a 
metabolic disorder. 

PRIMARY TUMOURS IN BONE 
SIMPLE TUMOURS 

The classification of simple tumours arising from the skeleton is 
complicated, and many lesions arc often designated as tumours that 
have really no claim to this title. Confusion has arisen from the fact 
that such terms as osteoma and chondroma have in the past been 
applied loosely to any bony or cartilaginous swelling irrespective of 
its exact mode or site of origin. Thus “ osteoma ” is often used 
synonymously with “ exostosis ” for any bony mass projecting from the 
skeleton, and it has even been applied to the new bone formed in 
so-called myositis ossificans and various other diseases. Similarly 
“ chondronja ” has been applied to the cartilaginous projections of 
chronic arthritis or of diap%sial aclasis. Increasing knowledge of the 
pathological processes of many such lesions has led to their exclusion 
from the category of neoplasms, and others at present retained will po 
doubt follow in the course of time, so that eventually the group of 
simple bone tumours may shrink still further. 

Ostemna 

Compact Osteoma (Ivory Exostosis). This rm« tumour occurs 
most often in relation to the skull bteies, espepia^bf-.thC:, frontal or 
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parietal bones. It may project on the outer aspect of the skull,'where it 
forms a smooth roimded or conical projection under the scalp, or it may 
grow into the frontal sinus or project from the frontal bone into the 
orbit. Rarely it grows from the inner table of the skull and indepits the 
brain, and occasionally it lies in relation to the external acoustic meatus 
or inside the maxillary air sinus. 

The timour grows very slowly, but in the course of many years it 
may attain lar^e proportions. At first it is round or hemispherical, 
but, with increase in size, it becomes irregular and somewhat lobulated. 
In consistence it is extremely hard throughout, and it may be polished 
like ivory. Its principal effects arc from pressure upon neighbouring 
structures. When situated close to the skin it may lead to ulceration ; 
in the orbit, it may displace and destroy the eyeball and later protrude 



Fig. 66. Compact osteoma of the parietal bone. The tumour is smooth, 
rounded, and as hard as ivory. 

(^Department of Forentic Medicine, Unicereity of Edinburgh.) 

on the surface ; in the acoustic meatus, it predisposes to infection and 
may cause deafness. It is of interest to note that a large osteoma 
may separate spontaneously, presumably from interference with its 
nuteition. Bland Sutton has recorded a case of an orbital osteoma 
which, after destroying the eyeball, finally shed itself spontaneously. 

Similar in appearance to' an osteoma, but actually an example of 
heterotopic ossification, is the bulky symmetrical intracranial osteo¬ 
phyte affecting the dural aspect of each half of the frontal bone. It 
occurs most frequently in aged, debUitated or bedridden subjects, and 
is probably due to deposition of bone in the fluid-filled space resulting 
from recession of the brain and dura mater from the frontal bones as a 
result of prolonged recumbency. The bony masses produce no patho¬ 
logical effects. 

The puerperal intracranial osteophytee (“ hoar-frost osteophyte ”), 
which coat iim^,table of the skuff with a veneer of new bone, are also 


160 


DISEASES OF BONES 


cxAmples of ectopic bone formation, following upon deranged calcium 
metabolism. They are encountered as a rare complication of eclampsia 
or puerperal sepsis. 

Cancellous Osteoma. It is doubtful whether this should be regarded 
as a true neoplasm or as a manifestation of some disturbance of bone 
growth closely allied to diaphysial aclasis {see p. 129). For this reason 
it is sometimes known as a Hotrophic osteoma. It consists of a spur 
of cancellous bone, projecting from the neighbourhood of a metaphysis. 
The most common situation is in the neighbourhood of the knee, but 
almost any bone may be affected. From the time of its appearance in 
adolescence up to the age of twerity or twenty-five years, the osteoma 
is capped by a layer of hyaline cartilage, which is probably a displaced 
portion of the epiphysial cartilage. As it grows it becomes pedunculated 
and lies obliquely, directed away from the neighbouring epiphysis. In 
some cases the tumom: is more sessile, irregular in shape, and with a 
massive cartilaginous cap. Such a tumour is sometimes called an 
osteochondroma. 

At first the tumour is situated close to one margin of the epiphysial 
cartilage, but as the diaphysis increases in length it comes to lie nearer 
to the mid-point of the shaft. At about the time when the epiphyses 

of the parent bone fuse, the cartilaginous 
cap of the osteoma becomes ossified and 
the tumour then ceases to grow. 

A cancellous osteoma may cause pain 
from pressure on a nerve, but often it is 
symptomless and is recognized only on 
chance examination. An adventitious 
bursa may form over it and may become 
inflamed. Rarely the osteoma may be 
fractured from minor degrees of violence. 

Other bony swellings, sometimes 
termed osteoma, are described in other 
chapters {see “ Traumatic Osteoma,” 

p. 220). 

Chondroma 

Fio. 07. Multiple chondromata As has been mentioned above, the 
of the index finger. The term chond’*oma is applied loosely to 

proximal plmlanx is repla^ many cartilage-containing swellings at- 
by a rounded tumour, and the ^ i . v i i . j, • 

second phalanx contains a tached to the skeleton, regardless of their 

small one of similar appear- mode of origui. It has been applied, 
miSi^id d^Lmtion.^”^* for example, to the cartilaginous masses 
{BycouHe»yofMr.j.w.struaer».) occur m dyschoixdroplasia or m 

rickets, and to those arising from the 
synovial membrane and joint margins in chronic arthritis. It is doubt¬ 
ful if such masses, associated as they are with recognizable dystrophies 
or diseases, should be redded as true neoplasms. 

Chondromata arise usually from the metacarpal bones and the 
phalanges of the hands, and are then usually multiple. Often such 
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multiple chondromata occur in the subjects of diaphysial aclasis, a 
remarkable example of tumours arising on the basis of a generalized 
growth disturbance. Less commonly a chondroma arises from the 
scapula, ribs, pelvic bones, and long bones of the extreinit.i(‘N. The 
tumours appear usually in childhood or adolescence and th<*y grow 
slowly over a period of years. When general growth of the skeleton 
ends, the tumours may also become stationary, 

Chondromata often grow near an epiphysial cartilage. At first they 
sometimes lie in the substance of the bone (en(;hondroma) and they 
may remain there, but as they increase in size they usually project 
under the periosteum (ecchondroma). One or more of the tumours may 



l<'io. 68. Multiple chondromata. A radiogram from a woman aged tiiirty- 
seven years, the subject of diaphysial aclasis. All tlie inetatnrpals 
and phalanges are affected by chondromata, some situated inside au<l 
expanding the bones, others projecting at the surface. 'I'hrce of the 
larger tumours had undergone mucoid degeneration. 

(D^artment of Surgery, Unieereity of Edinburgh.) 

attain considerable size and may lead to much deformity and disability. 

The growths are lobulated, smooth on the surface, and covered by 
a layer of fibrous tissue derived from the periosteum. Often a 
thin shell of bone is present, and there may be bony trabeculie 
between the lobules. 

The microscopic appearance is like that of normal hyaline carti¬ 
lage, but the cells are arranged irregularly and vary in size and 
shape. Necrosis or mucoid degeneration often takes place, and leads 
to one form of bone cyst. Calcification is common, and sometimes 
ossification occurs. Sarcomatous change is rare. 

Giant<eU Tumour 

(Tumeur & myeloplaxes; osteoclastoma; myeloid sarcomai 
mydorna,). 

a. MXB. 
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This is one of the most striking of bone tumours, and its clinical 
and pathological features arc uniform and characteristic. Unfor¬ 
tunately the terminology is com- 
pJicHted and misleading. Since 
tlie tumour does not infiltrate 
except to a very limited extent, 
and only gives rise to inetastases 
in exceptional cases, it is fitting 
that the old name myeloid sarcoma 
should be discarded. The term 
myeloma should also be abandoned, 
for it is almost certain that the 
tumour docs not arise from bone 
marrow, and moreover “ myeloma ” 
leads to confusion with “ multiple 
myelomata,” an entirely distinct 
form of neoplasm. 

The origin of the giant-cell 
tumour of bone has been a subject 
of controversy since the time of 
N^laton, who was the first to 
describe it adequately. NtHaton 


Fif!. (iS), (Juinl-ocll tutiiour of bone, 
arising at the jiroxiinul inetapliysis of 
tile humerus. The itunour has 
expanded llic bone and forms an 
ovoid muss, parlly solid and partly 
cystic. 

{Jiy tourteiy of Mr. J W. StmUien ) 

believed that the tumour originated 
in bone marrow and he regarded the 
giant cells as modified myeloplaxes 
or megakaryocytes. At the present 
time, however, it is generally thought 
that the giant cells are derived from 
osleoclasts,the foreign-body giant cells 
normally engaged in bone resorption. 

The giant-cell tumour of bone 
occurs in either sex and at any age, 
but generally it is found between 
the ages of fifteen and thirty years. 

In a large proportion of cases the 
tumour arises in a bone of the lower 
extremity. Like bone sarcoma it is 
situated most frequently close to the 

l^ee, especially at the distal end of the femur. Any long bone, however, 
may be affected, and giant-cell tumours have been found in the bones 



Fio. 70. Radiogram of a giant-cell 
tumour at the distal end of the 
radius. The tumour is situated 
close to the metaphysis and has 
expanded the bone. ' The lobular 
character is clearly seen. 
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of the upper limb, in the scapula and the bones of the pelvic girdle. It 
is found in such situations as the distal end of the radius, tibia or 
fibula, relatively rare sites of sarcoma. It is not uncommon in the 
jaws. 

The tumour originates either in the metaphysis or in the epiphysis, 
where it forms a localized, well demarcated growth, often more or less 
globular in shape. It may grow eccentrically, and reach the surface of 
the bone on one aspect only, or it may enlarge concentrically. Unlike 
a sarcoma, it is sometimes not restrained by the epiphysial cartilage, 
and may spread as far as the articular cartilage. Penetration of the 
joint is exceptional. 

The tumour is composed of soft, cellular, very friable and often jelly- 
like tissue, which is usually very vascular, and from hjcuiorrhagc 
may be of a dark reddish purple^ or maroon colour, attd aptly likened to 



Fio. 71. Giant-nell tumour of bone, x 800. Note the fi^iant cells of 
characteristic appearance, and the stroma of small spindle-shaped cells. 

(Tiabnratory of Royal College of Pkysieians of ^iilinburgh.) 


red currant jelly. The tumour is traversed by delicate fibrous or-bony 
trabeculae, which in radiograms give a characteristic honeycomb or 
mosaic appearance. The central portions frequently undergo cystic 
degeneration, and occasionally one large cyst replaces the greater part 
or even the whole of the tumour. 

The soft tissues are invaded only in exceptional cases, and the 
tumour usually remains surrounded by a thin shell of bone. Even 
when a tumour has attained large size there still remains a thin covering 
of new bone beneath the periosteum—^a complementary process of bone 
resorption and replacement which is loosely termed " expansion.” 

Although the above description applies to the vast majority of these 
tumours, a few examples have been described, principally at the distal 
end of the radius, which differ in being relatively avascular—so-called 
“ white ” giant-cell tumours. 

Microscopically^ the tumour consists principally of a spindle-cell 
stroma in which *ire scattered giant cells of characteristic appearance. 
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The giant cells vary in number in different tumours and in different 
parts of the same tumour, but their appearance is remarkably uniform, 
and is identical with that of foreign-body giant cells, contain 

numerous nuclei and an abundant homogeneous cytoplasm. The 
nuclei usually nmnber from 10 to 20, but as many as 100 may be 
present. They^lie principally in the central part of the cell, and are 
sometimes arranged like a rosette. Each nucleus is distinct from its 
fellows and of uniform appearance—small, rounded or oval, and 
intensely basophilic. 

The strom^ may be fibrous or cellular, the latter being to some extent 
an indication of rapid growth. The cells are small and principally 
spindle-shaped. Mitotic figures are rare. Occasionally scattered 
through the stroma arc collections of large clear “ foamy ” cells, con¬ 
taining an abundance of doubly refractile lipoid material—a form of 
xanthoma. The blood vessels arc numerous, large and thin walled. 

Progress and Effects of Giant-cell Tumours. Giant-cell tumours 
usually progress slowly, and for a considerable time may cause little 
disability. Often the tumour remains unrecognized until a fracture 
occurs, a fairly frequent complication. In other cases, weakening or 
even collapse of an adjacent joint may occur from penetration of the 
epiphysis. Rarely the growth of the tumour appears to be arrested 
spontaneously, and sometimes from central liquefaction the whole mass 
becomes converted into a single large bone cyst, in the fibrous walls 
of which only small traces of the original tumour are still to be found. 

Malignant change may occur, though not commonly. The frequency 
of this complication is a matter of great practical importance to the 
surgeon, who is faced with the necessity for deciding between amputation 
and local attack upon the tumour. There is no doubt that in rare cases 
the tumour is actually malignant, for a few authentic cases have been 
reported in which pulmonary metastases developed, and it is equally 
certain that occasionally the tumour undergoes sarcomatous trans¬ 
formation after an early simple course, and gives rise to round-cell or 
spindle-ccll metastases. In the great majority of cases, however, the 
tumour is essentially non-malignant, and there is thus ample patho¬ 
logical evidence to warrant the conservative measures in vogue at 
present. 


MALIGNANT TUMOURS OF BONE 

Since the days when all soft tumours of bone were thought to be 
cancers there have been many changes in their nomenclature and 
classification. The first important advance was the segregation of 
secondary tumours, and later the recognition of the various types of 
primary tumours. In recent years our knowledge of this latter group 
has been greatly increased and clarified by the work of those connected 
with the Registry of Bone Sarcoma in the United States of America, 
and for the first time accurate information has become available upon 
many aspects, clinical and pathological, of a large series of cases. 
According to the Registry classification, the malignant primary tumours 
of bone may be divided into the following principial varieties :— 

(1) True bone sarcoma (osteo-sarcoma: osteogenic sarcoma), 
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including periosteal sarcoma, central sarcoma,' sclerosing 
sarcoma and telangiectatic sarcoma. 

(2) Tumours of bone marrow—^multiple myeloma. 

(8) A tiunour of doubtful nature—endothelial sarcoma or Ewing’s 
tumour. 

(4) A group of uncommon and unclassified tumours. 


Bone Sarcoma (Osteo-sarcoma; Osteogenic sarcoma) 


This is the commonest of the primary malignant tumours of bone, 
and it is said to account for 80% of all sarcomata. It affects males 
somewhat more often than 


females, and it occurs with 
overwhelming frequency in 
'the second decade, the period 
of most active skeletal 
growth. In patients over 
fifty years of age it is very 
uncommon, except as a com¬ 
plication of some dystrophy 
such as osteitis deformans. 
In its pathological aspects 
the disease is one of great 
complexity, but its clinical 
features and end results are 
only too uniform, for, with 
very few exceptions, its 
malignancy is extreme, and 
even after early radical 
treatment a fatal issue is not 
long delayed. 

iSone sarcoma usually 
arises in or near that part 
of the bone in which proli¬ 
ferative changes normally 
progress most actively, 
namely, the metaphysis. Not 
infrequently, moreover, it 
supervenes upon other bone 
diseases, such as osteitis 
fibrosa or osteitis deformans 
(the last named alone 
acco\mting for about 5%), 
and it is significant that all 
these diseases are character¬ 



ized by profound disturbance 
of the processes of bone 
growth and repair. In some 
cases trauma appears to 
determine the onset. of the 
tummur. 


Fio. 72. Sarcoma of the femur in a young 
person. The tumour appears to have 
originated near the distal metaphysis, and 
has extended far, both along the marrow 
cavity and under the periosteum. Note 
that it has not penetrated the epiphysial 
cartilage nor involved the joint. 

HUpmtiimit of SwgerVt Unfmtiti/oj SiiiOur^ 
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Bone sarcoma is generally regarded as arising from bone-forming 
cells (osteoblasts), but it is not necessarily composed of bone, for bone 
formation is only a potential property of these cells, and when malignant 
they revert more closely toward the embryonic state and lose their 
bone-forming habit. In some tumours this reversion is almost complete 
and the cells produce only a delicate mesenchymal stroma, and the 
tumour remains soft and fleshy; or they may differentiate in greater or 



Fig. 73. A bone sarcoma arising at 
the proximal metaphysis of the 
tibia. The tumour has infiltrated 
the marrow cavity and has elevated 
the periosteum. Proximally it is 
limited by the epiphysial cartilage. 
Note the radiate spicules of new 
bone formed in the tumour. 

(Jtf vNum <4 Cottegt ofSurgeoni Sdinbursk.) 


k‘ss degree and produce mucoid 
material, cartilage, or bone. 

To emphasize this supposed 
origin of the tumour from bone¬ 
forming cells or their non-bone- 
jhrming derivatives, Ewing has 
suggested the title osteogenic 
sarcoma, and this name has 
obtained wide acceptation, parti¬ 
cularly in America. The term 
is, however, unfortunate in this 
sense—^that it is often interpreted 
as “ bone producing,” the antithesis 
of its intended meaning. 

Types of Bone Sarcoma. 
Classifleations of bone sarcoma 
are clumsy and confused, and 
very perplexing to the student. 
Fortunately the general trend at 
present is towards simplification, 
and this has been assisted by the 
work of the American Registry. 
The following principal types may 
be recognized:— 

(1) Periosteal Sarcoma. This 
is the commonest type. The 
greater part of the tumour lies 
deep to the periosteum, and 
raises it off the bone cortex, but 
the tumour ajso infiltrates the 
substance of the bone and may 
extend along the medullary cavity. 
In some cases the tumour appears 
to arise from the periosteum; in 
others it is probably derived from 
the connective tissues continuous 
with the periosteum that penetrate 
the bone and line the bone 
spaces. 

(2) Medullary or Central 
Sarcoma {Endosteal Sarcoma). 
Tumours situated within the bone, 
and not extending to the surface* 
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figure largely in older surgical descriptions, but luodcrn experience 
shows that sarcoma of this class is rare. 

(8) Sclerosing or Ossifying Sarcoma. This type is characterized 
by the formation of a large amount of new bone in the tumour. In some 
cases the tumour is extensively ossified, even to the hardness of 
ivory. The new bone formation is generally looked upon as evidence 
of some kind of defensive reaction on the part of the tissues, but 
there is little proof that a sclerosing sarcoma is any less malignant 
than other varieties. 

(4) Telangiectatic Sarcoma {Malignant Bone Aneurysm). In some 
bone sarcomata the vascularity is so great that the greater part of 
the tumour is occupied by blood vessels, which arc large and extremely 



Fig. 74. Bone sarcoma. X 275. A spindle-ccll sarcoma of the tibia, 

The tumour is highly cellular. It is composed of elongated, spindle- 
shaped cells, some of which have been cut transversely and conse¬ 
quently appear to be rounded. , 

(Laboratory of Royal College of Phyeiciane of Edinburgh.) 

thin-walled. Sometimes, indeed, the blood vessels have no complete 
endothelial lining, but are mere spaces surrounded by the malignant 
tumour cells. The vascularity may be such that the tumour pulsates. 
Since the tumour cells have ready access to the blood stream the risk 
of early metastases is very great, and the outlook is correspondingly 
grave. This type of tumour is especially apt to affect young subjects. 

Morbid Anatomy. The ends of the long bones of the extremities 
are affected with greatest frequency, but such irregular bones as the 
jaws, the scapula and the bones of the pelvic girdle are by no means 
exempt. It is estimated that the bones of the lower limb are involved 
in about 70% of cases, the distal end of the femur and the proximal 
end of the tibia being most frequently affected. In the upper limb 
the proximal end of the humerus is the site of election. The regions 
of the wrist and ankle joints are very rarely involved (compare giant- 
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cell tumour), and sarcoma of the smaller bones of the hands and feet 
is exceptional. 

In a typical example of a sarcoma near the ^d of a long bone the 
growth extends widely along the paths of least resistance, permeating 
the interstices of the bone and eroding its lamellae. It extends along 
the marrow cavity, permeates the cortex and erupts on the surface. 
The periosteum for a time resists invasion and becomes raised from 
the surface of the bone, and deep to it the tumour spreads widely 
so that eventually it may form a fusiform mass ensheathing the bone 
extensively. 

Often the tumour consists of two main portions, an elongated, ill- 



Fia. 7i>. Bone sarcoma. A spindle-cell sarcoma of the femur. Note the 
large blood space on the left. It is thin walled, and in places it lacks 
even an endothelial lining and is in direct contact with the m alignan t 
cells. 

(Department of Surgery, Urdvernily of EilMuryh.) 

defined mass permeating the marrow cavity and an ensheathing growth 
under the elevated periosteum, the two portions being separated in 
much of their extent by thr. more resistant cortical bone. If with 
further progress the tumour perforates the periosteum, it extends widely 
within the soft tissues, causing great swelling and o^ema with dilata< 
tion of the superficial veins. The skin becomes tense and glossy, but for a 
long time it resists actual invasion and ulceration. The epiphysis is 
rarely invaded, and since the periosteum is attached to the circum¬ 
ference of the epiphysial cartilage the joint is not affected until late. 

The appearance of the tumour varies greatly. Most often it is 
soft, red| fleshy and very vascular, with areas of haemorrhage and 
necrotis. In other cases the appearance is modified by the presence of 
cartilage or of bone. Cartflage renders the tumour more firm, with 
bluish translucent areas (chondrosarcoma, e&t p. 170). Bone of new 
formation is usually present in greater or less amount. When new bone 
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predominates the marrow cavity may be obliterated and the whole end 
of the diaphysis be inpeased in circumference by a fusiform mass of 
bone, whi^ sometimes assumes ivory-like hardness. This is called the 
sclerosing type. 

Microscopic Appearances. . The microscopic features of bone 
sarcoma are complex. The tumour cells show great diversity and the 
picture is complicated by such secondary processes as bone resorption 
or new bone formation. 

The predominating type of cell is small and spindle-shaped, but 
large, polyhedral and even round cells may occur. The cells are hyper- 
chromatic and with frequent mitoses, often of irregular type. Giant 
cells of the “ malignant giant-cell ” type are often present. Cells of 
this type have a characteristic appearance, very different from the 
cells of the so-called giarU-cell tumours; they are irregular in shape and 
size, and contain few nuclei which are oval or indented, joined together, 
and deeply hyperchromatic. 

One of the most conspicuous features is the structure of the blood 
vessels. They are large and thin-walled and in close relation to the 
tumour. In places even an endothelial lining is lacking, and the blood 
flows in large clefts lined by tumour cells; consequently there is a great 
liability to liberation of malignant emboli. 

Ossification in Bone Sarcoma. The production of new bone is a 
characteristic feature of nearly all cases of bone sarcoma. The new 
bone is laid down principally under the periosteum. In some cases there 
are radiating spicules developed like stalagmites perpendicular to the 
surface of the bone. Such new forma¬ 


tions have a characteristic “ sun- 
ray ” appearance in radiograms. 
The disposition of the spicules ap¬ 
pears to depend upon the arrange¬ 
ment of smaller vessels extending 
perpendicularly from the elevated 
periosteum into the cortex. Less 
often the new bone takes the form 
of a small wedge-shaped ossification 
which occurs where the periosteum 
is elevated beyond the advancing 
edge of the tumour. 

Metastases in Bone Sarcoma. 
Metastatic deposits are of extremely 
common occurrence, hence the almost 
uniformly bad prognosis. Owing to 
the intimate relationship of the 
vessels to the tumour, blood-borne 
emboli are common, and the lung 
is the most frequent site of their 
arrest. Less commonly, or in the 
later stages, other viscera and other 
bones may be affected. It would 
appear tlmt the metastases occur 



Fio. 76. Bone sarcoma arising at 
the distal metajAysisef the femur. 
Macemted spedmen whieh sliows 
much new boae,) laid down as 
spicules peipendicidar to the sur- 
axx of the femur. 

J (Stiueum of OMbm of Surgoont tf 
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early, but may grow slowly. They arc j^bably often present at the 
time of operation, but only after a perjlod of months do they give 
rise to any clinical signs. Microscopically, the metastases tend to 
reproduce the varied structure of the original growth, and they may 



Pig, 77. Bone sarcoma of telangiectatic variety. Tlie bone tral«*ciilii* 
have undergone resorption, and the intervening sjiaees are o(>eupieil 
by tumour cells. Note the large numlier of osteoclast giant cells 
which lie in ai>position to the bone trabeeuhe. 


contain fibrous matrix, and cartilage, but it is remarkable that 
metastases in soft tissues such as the lungs rarely produce bone. 


Chondrosarcoma 

(Chondrifying sarcoma ; sarcomatous chondroma.) 

Strictly speaking, the term chondrosarcoma should be restricted to 
simple chondroma which has undergone malipiant change, but in 
practice it is understood to include any sarcomatous tumoiir containing 
cartilage in excess. The majority occur in relation to the ends of long 
bones, forming bulky lobulatcd masses which on naked-eye inspection 
resemble simple chondromata, but microscopically show also sarco¬ 
matous elements in varying proportion. This type of tumour is now 
generally regarded as a bone sarcoma with a predominance of cartilage 
matrix rather than as a specific type. 

Iri their malignancy and course these tumours vary greatly. They 
are particularly insensitive to irradiation. A peculiar feature is a 
tendency to extend along the lumen of blood vessels, and such a growth 
has been known even to reach the heart. Multiple secondary growths 
are frequent, but sometimes a solitary metastasis appears and attains 
considerable Siase before the disease becomes generalize. 



Fig. 78. Chondrosarcotnu of the femur. The stiaft of the femur is per¬ 
meated by solid tumour tissue. The outer parts of the tumour are 
eomjiosed' of lobules of jelly-like material separated by librous 
trabeculae. 

{By courlesy of Mr. J. W. StnUhem.) 



PiG. 79. Chondrosarcoma undergoing mucoid change. Many ofthe cells 
are distended to signet-ring sha]^ by kuge giobu^ of mucoid material, 
and the intercellular substance is inflltrated by a similar materi^ 

of Surgery, Cnivereitv of Sdinburyh.) 
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Multiple Myeloma (Plasmacytoma) 
ri..: rare diaeaao is ^Bcterized by the devdopwcntofmMpk 
tumours in many' parts -of the skeleton. It is a diseaso ot adult lire, 
occurring usually J^wi^n the ages of forty and sixty, and commonly 



in men. Any part of the skeleton may be 
involved, but the tumours are usually most 
evident in the sternum, the ribs, the 
vertebrae, the skull and the femora. 

The tumours are usually small, but 
occasionally they may grow to the size 
of wahiuts and a few attain even greater 
dimensions. They invade any part of the 
bones, but mainly the marrow cavity, and 
form rounded or oval well-circumscribed 
masses of grey or greyish-red colour and 
of soft consistency. Adjacent bone is 
invaded by the tumour and is decalcified, 
without any new bone formation, so that 
when the bone is extensively affected the 
condition may bear a superficial resem¬ 
blance to osteitis fibrosa or to metastatic 
carcinomatosis. The bone may be so 
thinned that fracture results, and in the 
later stages the tumours invade the sur¬ 
rounding soft parts. The growth of a 
tumour in the vertebral column commonly 
leads to severe pain and eventually may 
cause compression paraplegia. In the later 
stages of the disease there is a considerable 
degree of ansemia, doubtless resulting from 
destruction of the red marrow. 

A well-known feature of the disease, 
which ■ only occurs, however, in from 60% 
to 70% of cases, is the excretion of proteose 
in the urine (Bence-Jones), The proteose, 
which may appear in enormous amount, 
gives the ordinary reactions for this class 
of substance, and is recognized by its 
behaviour when heated. At a tempera¬ 
ture of about 56® C. the urine becomes 
opaque, and a sticky coagulum forms on 
the surface. On heating further, to the 
neighbourhood of 85® C., it disappears, 
but forms again when the urine coolst 


Proteosuria was formerly regarded as 

Fio. Multiple myelo- pathognomonic of myelomatosis, but it is 

maW. iNunierous small • » iU j. 'j. i xu u 

rounded tumours occupy recognized that it occurs also, though 

' the bead and shaft of uie in small amount, in certain cases of 


humerus. 

Usiwftiiy 


leukaemia, in secondary tumours of the 
skeletcm, and occasionally in nephritis. 




Fig. 81. Plasmacytoma (multiple myeloma). The tumour contains 
many plasmacytes, large oval cells of whi<!h the nucleus lies 
eccentric and has a coarse meshwork of chromatin. 

{Jiepartmenl of VtUhtMigi/, VniventUy of Hlaggou' ) 



Fio. 82 . Multiple myeloma of scapula and clavicle. EUdiogroph of specimen. 
{Departvunt of VaOnA/ogy, XJni»er*^ of abtugatf.} 
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Microscopically, the growtiis arc composed of diffusely arranged 
round cells with little or no intercellular substance. Usually the cells 
arc of the plasma-cell type, with deeply basophil cytoplasm and a 
small eccentric nucleus, but sometimes cells of lymphocyte type, or 
cells resembling the primitive white cells or myelocytes, may pre¬ 
ponderate. In exceptional cases erythroblasts have been described. 
The condition is generally regarded as a disease of the blood-forming 
tissues rather than of bone, and the cells are believed to originate 
in the bone rparrow. It is true that plasma cells do not occur in 
this situation imder normal circumstances, but they are presumed to 
be related to the other more definitely ha;matopoietic cells. In this 
connexion it is interesting to note that the spleen is usually enlarged, 
as in leukaemia and lymphadenoma, and that visceral metastases occur 
in the liver and the spleen and occasionally in the lymph glands, but 
not in the lungs. 

Solitary Plasmacytoma. In rare instances, especially in middle age, 
a plavSmacytoma may be single and without other bony changes. It is a 
simple tumour and frequently comes to notice as a result of a patho¬ 
logical fracture of one of the limb bones', rarely a vertebra. I'he tumour 
occurs centrally in any part of the shaft of the bone, which shows 
rarefying osteitis. The tumour is amenable' to surgical or radiothcra- 
peutic treatment, especially the latter. 


Endothelial Sarcoma. (Ewing’s Tumour) 

This tumour has only been recognized as a distinct type in recent 
years, and it seems possible that most bone tumours hitherto 
called small-round-cell sarcoma belong to this type. Since Ewing first 
described it a number of cases have been recorded, chiefly in America, 
and according to the figures of the Registry of Bone Sarcoma it is not 
uncommon ; its occurrence is variously (“stimated at from 7% to 10% 
of all primary malignant tumours of bone. It is commonest in young 
persons, particularly between the ages of five and fifteen, and it is three 
times commoner in males than in females. A history of reecnt injury is 
often obtained. The long bones, the tibia, humerus and femur, are those 
most frequently affected, but the tumour may occur in the short bones 
of the extremities, particularly in the calcaneus. 

The tumour differs from other varieties of sarcoma in that it arises 
usually from the mid-part of the diaphysis of the bone. It arises in the 
bone marrow, and spreads in all directions from its point of origin, 
penetrating the bony lamellce to reach the surface of the bone. The 
periosteum at first resists invasion, and layer after layer of new bone is 
formed and subsequently eroded. 

Tte appearance of the tumour is remarkable, for it is soft, greyish- 
white in colour and somewhat brain-like, often with semi-liquefied 
areas of degeneration which may resemble pus. When such material 
is, seen lying between partly eroded bone lamellae, the appearance 
suggests osteomyelitis, for which it is often mistaken. 

The first symptom is usually pain, and this is often intermit- 
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tent, recurring in 
attacks of increasing 
severity overa periodof 
weeks or months. The 
swelling appears later 
and may vary in size, 
retrogression being 
accompanied' by tem¬ 
porary relief of symp¬ 
toms. Pathological 
fracture may occur, 
but is not very com¬ 
mon. There is often 
> a slight leucocyiosis 
and secondary anajrnia. 

The tumour responds 
well to radiation, and 
by suitable treatment 
its growth and spread 
may be controlled for «;5- Mull myeloma. X 450. The greater 

a considerable period. ]>rimitive wbite blood cells- ill addition to a few 
Finally, however, giant eells. 

m e t a s t a S e S appear < Uihumtnry oj Rmjnl CuUege of Physiciant nf Edinburgh ) 

in other bones and 

in lyinjih glands and viscera, anil the disease eventually proves fatal. 

The microscopic apjiearanee is noteworthy for its simplicity and 
uniformity, contrasting gi'catly with the plcomorphism of other sar¬ 
comata of bone. Thi* 



tumour is composed en¬ 
tirely of small rounded 
or polyhedral cells, 
arranged in coherent 
sheets with little or no 
intercellular substance. 
Sometimes the masses 
of cells are embedded 
in a delicate connective 
tissue framework, but 
often this is lacking. 
From degeneration of 
the portions furthest 
from their source of 
nourishment a perivas¬ 
cular grouping of the 
surviving cells often 
results. Mitotic figures 
are numerous. 

The origin ol‘ 
Ewing’s tumour is not 
clear. Most authorities 



Fie.. 84. Ewing’s tumour. The tumour is composed 
of polyhedral cells with little intercellular material. 

(lAtimriOiOT)) of Royal CoUege of rhyoieiani of Editdmrgh ) 
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regard it as derived fn)m the perivascular endothelial cells of the 
marrow. Recent work suggests that many supposed cases of Ewing’s 
tumour have actually been examples of metastatic growths, secondary 
to bronchial carcinoma or to neuroblastoma of the adrenal gland. 

Endothelioma of Bone 

Until recent years “ endothelioma ” was the graveyard of unclassi- 
fiable tumours, but since the adoption of stricter histological standards 
for endothelial cells these tumours are now acknowledged to be rare, 
Endotheliomata of bone described in recent years have resembled bone 
sarcoma, both in the clinical course and in their pathological aspects, the 
diagnosis being made only by microscopic sections, in which cells of 
endothelial type are seen apparently arising from the internal coat of 
vessels, and forming alveoli or tubules, which in some cases contain 
blood. 


Parosteal Fibrosarcoma 

This tumour also appears to be rare, but it is of interest in that it is 
believed to accoimt for a certain proportion of the “ cures ” of bone 
sarcoma, the malignancy being relatively low and the prognosis corre¬ 
spondingly good. Strictly, it is not a bone tumour, but arises on the 
outer aspect of the periosteum, and forms a fairly well encapsuled mass 
in the soft tissues, and leads to little or no erosion of the bone. Micro¬ 
scopically, it resembles a cellular fibroma, and is composed of elongated 
cells embedded in a scanty fibrous stroma. Since the tumour adheres to 
the periosteum it appears on clinical examination to be fixed to the bone, 
and it may spread to some extent around the bone as a sheath. Invasion 
of the surrounding parts is a late occurrence, as are metastases, and the 
outcome of radical excision is therefore promising. 


SECONDARY TUMOURS IN BONE 

Bone is a common site for secondary tumours derived from various 
types of primary, growths. Such secondary tumours may arise (1) by 
local extension of the primary growth, or (2) by dissemination of cells 
along the lymph or blood vessels. 

(1) Involvement of a bone by the direct extension of a malignant 
tumour is a familiar occurrence. It is observed when a carcinoma of 
th^ongue or the floor of the mouth invades the mandible; when a 
rodent ulcer or lupus-carcinoma of the face destroys the bones of the 
iskull (Fig. 85); or when a carcinoma that has arisen in a chronic leg 
ulcer invades the tibia. 

In bones thus involved decalcification and d^truction are the most 
outstoQi^j^, dianges and are aggravated by superimposed infection. 
As in c^er conditions in vdiich hyper«emia affects bone, a gradual 
proc^^ decalcification occurs and the bone becomes softened and 
replai^ by the extmding tumour, so that in a macerated specimoi 
it has a worm-eaten or sand-papered appearance. Usually no new 
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bone is fonned at the extending margin of the tumour or within the 
tumour itself, unl^s the invading tumour is one of great vascularity, 
when bone resorption and new bone formation may occur simultaneously. 
In such instances the new bone is represented by light spicules of 
feathery appearance that project into the tumour from the surface of 
the bone on which it impinges. 

(2) Involvement of bone by malignant ceils disseminated from a 
distant growth Occurs most commonly in cancer of the^ breast, prostate 
and bronchus, less often in cancer of the kidney, and in the Isde stages 



Fio. 85. Destruction of the facial bones as a result of invasion by 

lupus-carcinoma. 

(Muteum of Royal CMege o/ Surgeotu of Edinburgh.) 

of many other types of cancer. Malignant tumours of the thyroid gland 
commonly metastasize to bone, but this growth is somewhat of a rarity. 

Certain bones are especially liable to be the seat of metastatic 
growths. The ribs, vertebrse, stermnn, skull, pelvic bones, femur, and 
humerus are coniinonly affected, and less often the mandible, scapula 
and Clavicle. The distal bones of the extremities are rarely involved. 

Evidence is overwhelming in favour of the view that most metastatic 
bone tumoims result from blood-bome emboli of malignant eelte. Such 
cells derived from any source other than a primary tumour of the lung 
must be presumed to have passed through the pulmonary circulation 
before reaching the systemic circulation, and the possibility of this 
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occurrence is well recognized. The work of Schmidt is of great 
importance in showing how malignant cpiboli may behave on reaching 
the lungs, for it has shown that the tancer cells may grow directly 
from the pulmonary arterioles into the capillaries and veins without 
invading the vessel walls. In this way metastases may be disseminated 
by the systemic circulation, yet leave no trace in the lung^ 

It has been claimed that in some cases metastatic bone tun)ours 
result from permeation of the lymph vessels by malignant cells, but the 
evidence for this view is somewhat slender, for lymph (diannels have 
not been demonstrated in the bone marrow, and the lymph vessels of 
the cortex do not extend beyond the endosteum. Moreover, bone 
metastases begin centrally, and often at a very considerable distance 
from the primary growth, and it is rarely possible to demonstrate 



Fio. 86. Metastatic growths in the bones of the sknll. The |>riiiiary tumour 
was a cancer of the stomach. The metastases have led to dec'alcilication 
and erosion of the bones. No new bone has been formed. 

{Museum of Royal College of Rurgeons of Kdvuhurgh.) 

involvement of intennediate lymph channels. {See also chapter on 
Diseases of the Breast.) 

The principal evidence in favour of lymph spread to bone is the 
special liability of ceilain bones to metastatic growths and the compara¬ 
tive immunity of other bones; but Pincy has advanced a reasonable 
explanation for this “ selectivity,” which accords well with the theory 
of haematogenous spread. He points out that the sites mentioned above 
are precisely those where red bone-marrow persists in adult life, and 
that the sinusoidal character of the circulation in the red marrow, by 
its almost stagnant condition, favours the lodgment and proliferation of 
cancerous emboli. When a metastatic growth is found at sites where 
red bone marrow is not present normally, for example, in the shaft of 
the tibia or in the small bones of the hand, it has been suggested that the 
constitutional effects of the malignant disease, e.g., secondary ansemia, 
have been such as to stimulate an erythroblastic reaction in the man-ow, 
which would afford a favourable site for the growth of cancer cells. 

The blood changes are often characteristic. There is usually 
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hypochronaatie ansemia, and the red cells and leucocytes are of immature 
type. There is a low platelet count. The degree oi‘ aneemia does not 
bear a definite ratio to the extent of the metastasis. 

The Changes in the Bones. The effects of metastatic tumours 
upon the bone are characterized principally by decalcification and 
destruction. When small, a metastatic tumour appeairs as an opaque, 
greyish focus in,the interior of the affected bone, and causes no~striking 
change in it; but as the tumour grows the adjacent bone becomes 
encroached upon and rarefaction occurs for some distance around. 
With the exception of metastases from carcinoma of the prostate, 
new bone is formed only in rare instances. A localized spherical or 
ovoid expansion of the bone occurs, but this enlargement is rarely very 
considerable. A thin shell of bone usually circumscribes the tumour 
and the periosteum remains intact. If the affected bone is submitted 
to undue str.ain, fracture readily occurs. In the spinal column several 
vertebra? may collapse, re¬ 
sulting in the development 
of kyphosis, find/or pressure 
on the cord or on the spinal 
nerves. At the site of frac¬ 
ture there may be a con¬ 
siderable attempt at repair 
by new bone formation, 
but firm union is very 
rarely attained. 

Other characteristic fea¬ 
tures of bone metastases 
vary according to the situa¬ 
tion and nature of the pri¬ 
mary growth. 

Cancer of the breast, from 
its relative frequency, is 
the most common source 
of the metastases. The ver¬ 
tebrae, ribs, and sternum 
are most often affected, but 
not infrequently deposits 
may be found in the upper 
end of the femur and of 
the humerus. In a few 
instances almost all the 
skeleton is affected, pro¬ 
ducing the condition some¬ 
times known as “generalized 



cancerous osteomalacia.” 
Frequently osseous me¬ 
tastases appear months or 
many years after removal of 
the diseased breast. 


'10.87. Thyroid metastasis in bone. A secon¬ 
dary growth in the humerus from an adeno¬ 
carcinoma of the thyroid. The tumour has 
destroyed the distal half of the bone and has 
elevated the periosteum. At the centre, the 
tumour has undergone necrosis. 


In cancer of the thyroid (Muteum of Soyal CoUege of Swgeont of SdinbufgJk.) 
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gland the skeleton is one of the commonest sites for metastases. They 
are found most often in the vertebrs, skull, and stemiun, but they 
may occur also in the long bon^ of the extremities. The primary 
^wth, which is not infrequently a malignant adenoma, may be so 
small as to escape detection, and the thyroid gland then appears 
normal on clinical examination. The metastases are rarely numerous, 
and may be single, therefore in some instances their removal may be 
undertaken with a favourable prospect of cure. 



Fio. 88. Secondary tumour in bone. 
Metastasis, at the distal end of the femur, 
from an adenocarcinoma of the kidney. 
The tumour is highly vascular, and as a 
consequence the bone has undergone 
eictensive decalcification. 

{Department of Surgery, UnteereUy of Mditiburgh.) 



Fig. 89. Secondary tumour in l^ne. 
Radiogram. (From same specimen 
depicted in Fig. 88.) 


The histological appearance of the secondary tumours is very 
variable. They may resemble the primary thyroid growth, they may 
look like normal thyroid tissue, or they may show any degree of 
malignancy. The secondary tumom" may produce thyroid secretion, 
and its removal has been known to be followed by myxeedema. 

HypiOiepkroma of the kidney is sometimes associated with secondary 
growths in bones. Usually the met^tasis is single and may not be 
manifest until a considerable time after removi^l'M the renal tumour. 
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and in a few instances the source of metastasis is only revealed after 
thorough examination or at autopsy. Favourite sites for mctastases are 
the upper end of the femur, the sternum, and the pelvic bones. New; 
bone fSimation within the tumour is often a prominent feature. 

Carcinoma of the prostate is often associated with skeletal metastases. 
It is important to recognize that no prostatic enlargement may be 
detected on rectal examination, and in a few instances not until the 
prostate has been examined histologically can its malignant nature 
be established. Irradiation by X-rays or radium of a malignant prostate 
has sometimes appeared to precipitate the appearance of osseous 
metastases. The secondary growths are generally disseminated widely, 



Fio. 90. Vertebral metastasis of a papillary adenocarcinoma of the kidney. 
Columnar epithelial cells arranged in papillary formation are 
invading the bone. 

(Jjoboratory of Scyal College of Phyevoiant of Edinburgh.) 

but the pelvic bones, the spine and the skull are the commonest sites. 

In many instances the disseminated cancer cells excite a remarkable 
osteoplastic reaction which results in both increase in density and girth 
of the affected bone. The medullary canal S often obliterated, and a 
severe degree of secondary anaemia may result from destruction of the 
bone marrow. 

It has been shown that in metastasizing carcinoma of the prostate 
the serum “ acid ” phosphatase is increased ; and it has been suggested 
that its estimation may be helpful in diagnosis. Elevation to &om 
6 to 10 units is supposed to be very suggestive. The source of the 
increased serum phosphatase is probably the carcinomatous tissue. In 
the normal prostate the “ acid ” phosphatase is a product of the acinar 
epithelium, a capacity which is apparently retained when malignant 
(^nge supervenes. 

On a mmiber of occasions it has been observed that the skeletal 
metastases of carcinoma of the prostate may show retrogression or may 
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even disappear following castration. Stilboestrol in massive doses may 
have a similar effect, though it is inconstant. 


TUBERCULOSIS OF BONES AND JOINTS 

Tuberculosis of bones and joints occurs with greatest frequeney in 
childhood, especially during the first six years of life, and only in a 
small proportion of cases does it begin after the age of fifteen. Adults 
are not immune however, and the disease may occur even in old age. 

^ In children the process is often slow and tractable, but in adults resist¬ 
ance is often poor, so that the progress can be checked only by radical 


measures. 

Bone tuberculosis and joint tuberculosis are so often combined that 
it is appropriate to consider them together, although in some situations, 
e.g., in the vcrtebrse, skull, and bones of the hands and feet, the disease 
is confined to bone. 

It has never been clearly settled whether tuberculous arthritis 
follows disease of one of the bones or arises as a direct infection of the 
joint. Perhaps most observers believe that in the majority the bone 
is affected first, the joint later., .Joint disease spreads more rapidly and 
causes more obvious effects than the earlier and less conspicuous bone 
lesion. This view is generally accepted for the majority, but it is 

beyond doubt that the 
disease sometimes 
affects the synovial 
membrane only. 

In cither case the 
disease is alway s 
secondary to tuher- 
culosis elsewhere, and 
the infection is blood- 
borne from a focus in 
lymph^glands or the 
lungs^One outstanding 
exception to this rule is 
tuberculosis -of the tem¬ 
poral bone, which is 
usually secondary to 
middle-ear disease, a 
contact infection.:)! 

The infecting or¬ 
ganism may be of 
human or bovine type. 



Fig. 91. Tuberculosis of the femur in a child aged 
two years, (a) Tuberculous granulation tissue of 
gelatuious appearance, (6) an area of caseation, 
(c) the acetabulum. The disease has originated 
at the metaphysis and has spread thence into the 
epiphysis and also down the shaft. 


and the relative fre¬ 
quency with which one 
or the other type is 
responsible is said to 
vary m different coun¬ 
tries. In Scotland, ac¬ 


cording to Griffith, the bovine organism is present in 42*8% of cases, 


whereas in England the corresponding figure is 18% (see p. 8d). 
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The Sites Affected. In long bones the disease usually begins in the 
epiphysis, rarely in the metaphysis. In the short long bones of the 
hand and feet, on account of their arborcscing blood supply, the disease 
begins in the diaphysis. Subperiosteal tuberculosis is not infreqxient in 
adults, but is rare in children. 

The relation of the synovial membrane to the articular end of the 
bone is an important factor in determining spread of the disease. When 
the capsule extends beyond the epiphysial cartilage, as, for example, 
at the hip joint, the metaphysis comes into direct relationship with the 
synovial membrane, and consequently the joint is infected directly. 

The liability to tuberculosis is not shared equally by all bones and 
joints. Some are particularly susceptible, otliers are involved only 
rarely. In children, the vertebrae and the joints of the lower limbs are 
affected in a large proportion of cases (60% to 80%), in the following 
order of frec^uency : yertebra*, hip, knee, ankle. The temporal bone is a 
common site, by direct spread from 


middle-ear infection, but tuberculosis in 
other cranial bones is extremely rare. 
The tibia and ulna are occasionally in¬ 
volved apart from joint lesions. Not 
uncommonly two foci are present, e.g., at 
the hip and spine, or there may be lesions 
elsewhere, especially in the kidney. In 
adults the joints of the upper extremity 
are more liable to infection, in the order, 
shoulder, elbow, wrist. The knee is also 
a common site. 

The special susceptibility in childhood, 
and the predilection of the disease for 
certain bones and joints are attributed 
to such factors as growth activity and 
exposure to injury. Growing bones 
appear to be mere susceptible than the 
mature. The frequent involvement of 
the bones and joints of the lower ex¬ 
tremity and of the spine is attributed 
to the strain to which they are exposed. 

Pathology of Bone Tuberculosis 

When a bone is invaded by tubercle 
bacilli the effects differ in no particular 
from those of tuberculosis elsewhere, 
they are conditioned merely by the 
structural characteristics of osseous 
tissue. There is the usual evolution of 
tuberculous granulation tissue, so that 
the bone at and around the diseased area 
undergoes slow but progressive decalcifi¬ 
cation, hence the “ osteoporosis ” which 



Kio. 1)2. Tubemilasis of the 
tibia. The distal part of the 
diaphysis is greatly thickened 
by the formation of new bone, 
of soft, spongy cliaracter. 

(MuHwn ^ 
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fotiQs,so Striking a featupre in radiograms. The periosteum is but little 
affected^ and there is little or no new bone formation. 

Several gross types of lesion may be recognized, which represent 
gradations in the progress of the disease or in the reaction of the 
surrounding tissues. 

^ I’Atf Encysted Type is simply a chronic circumscribed tuberculous 
focus in a healing state. The focus is of small size, and consists of 
l^tinous material with little caseation. It is walled off by fibrous 
tissue, which may be so dense as to permit of its total eradication. 

The Infiltrating Type results from actively spreading disease and 
poor reaction, and the whole appearance is that of a progressive 

tuberculous infiltration. The focus of 



' 88. Tuberculosis of the elbow 

with Buperadded septic infection. 
The articular cartilage has been 
.'N ^destrowd, and the exposed bone 
’ isdecGUcifledandspon^. Around 
*'V the joiiit fue numerous out> 
■V 'growths of new bone, a result of 
tibe supendded infection. 

^ of Swy*^ 


disease is larger, and the whole process 
more extensive. At the centre of the 
affected area there is extensive casea¬ 
tion and around this there is an 
irregular wide band of grey, trans¬ 
lucent, tuberculous granulation tissue, 
and beyond is a zone of cellular 
reaction and hyperaemia. 

The Atrophic Type is uncommon, 
and occurs typically in one situation, 
at the proximal end of the humerus. 
It is characterized by widespread de¬ 
calcification and absorption of the bony 
framework, which is replaced by dry, 
crumbling, caseous material {caries 
sicca). 

The Hypertrophic Type is a rare 
form in which there is new bone*^f- 
mation and sclerosis instead of the 
usual decalcification and resorption. 
This type generally indicates a niixed 
peptic or syphilitic affection. When 
«mixed infection occurs, massive 
sclerotic portions of the bone may 
undergo necrosis and form sequestra. 

Pathology of Joint Tuberculosis 

The* relation of joint tuberculosis 
to bone tuberculosis has already been 
discussed, and it has been stated 
that,, by the consensus of opinion,- 
the arthritis is usually secon^Jary to 
a tuberculous focus in the adjoining 
bori^ In a proportion of cac^, espect- 
ally in the l^ee, the joint is infected 
dijoctly by blood-bome organisms. 

The syn^vM membrane is usi^y 
the site of thVihit^ihfection, and it 
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alw^s shows greater changes than other parts of the joint. Generally, 
thei,earliest tubercles appear near the Ime of reflection of the synovial 
membrane to the bone, for this part lies lii closest relation to the blood 
supply and to the priginal focus in the bone. Tubercles develop in the 
connective tissue of the synovial membrane, and the usual cellular 
response that characterizes tuberculosis elsewhere is seen. “ 


The articular cartilage suffers disintegration as a secondary process. 
The disease may affect the cartilage either from its surface at from 
below, with results that differ greatly in extent and severity. 
Superficial or perichondral involvement is the commoner form, and 
fortunately less severe than the subchondral one.^Perichondrai in¬ 
volvement is due to encroachment of the thickened ii^amed synovial 


membrane, which spreads in the form 
of a “ pannus ” over the joint sur¬ 
face. Under this pannus the cartilage 
becomes softened and disintegrated ; 
the polish of its surface is lost and 
the cartilage becomes dull, pitted and 
eroded. Deep oy-subchondral involve¬ 
ment is the more serious, but for- 
timately the less common form. Here 
the disease spreads along the vascular 
bone deep to the cartilage and separates 
it from the surface on which it lies. As 
a result large fragments of cartilage arc 
raised, devitalized, and east off as 
loose flakes into the joint. 

The bones related to the joint may 
be involved by spread of the disease, 
but, even when not actually infected, 
they show more or less reactive 
changes. Decalcification of the bone 
is a well defined feature, and in the 
large sponge-like spaces the bone mar¬ 
row is replaced by cellular and fibrous 
connective tissues. 

The soft tissues around the joint 
undergo degenerative changes that 
together give the appearance known 
as “ white swelling.” Ligaments and 
tendons become cedematous, str^ched 
and lax, and muscles undergo atrophic 
changes. All the tissues are swollen 



and cedematous and have a pale gela- Fio. 94. Tuberculosia of the elbow 


tinous, glistening appearance Not 

uncommonly, cold abscesses may track ^pect.) 

through the soft tissues around the {Muuunmt Ro^cMenofSurgtom^ 

joint, and ultimately form sinuses. 4 eMiurg > 

The synaoial fluid is increased in amoimt, usually to a moderate 
degree, rarely to excess. The fluid is iwually wal^ and somewhat 
turbid, or it may be purulent. 
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Several gross types of joint disease are described. The commonest* 
in which the disease is of slow progress, and not very virulent, is known 
as^^ronic tuberculous arthritis. The'’fungating or granulating form is 
TNCX, and occuK where the disease is somewhat more severe and rapid. 
The striking feature is great swelling of the synovial membrane, which 
protrudes into all parts of the joint as a soft, congested, spongy mass 
like granulation tissue. The-fbrous form is a relatively mild, chronic 
type of the disease. Usually the joint is distended by watery turbid 
fluid, and when this is present in excess the term hydrarthrosis may be 
applied. Multiple loose bodies, of the “ rice grain ” fibrinous type, arc 
not uncommon. '^'Acute tuberculous synovitis is a rare form, in which the 
disease runs a rapid acute course, like that of acute suppurative arthritis, 
for which it is liable to be mistaken. 

Tuberculosis of Special Bones and Joints 

Tuberculosis of the Vertebrae (Pott’s disease). The spine is the 
commonest site for bone tuberculosis, and one of the most unfavourable, 



Fio. 95, Tuberculosis of the thoracico-lumbor spine ; with bony union 

in acute angular kyphosis. 

(Mtuevmxfitoyoi CoUege of Surgeons of Edinburgh.) 

for the spinal column is subject fo so inan^ strains in weight-bearing 
and is so , deeply placed that the earliest manifestations are obscure, 
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complet^^immobilization is difficult to obtain, and postural deformities 
with secondary complications are common. Spinal disease is commonest 
in children, especially in those under five years, but may occur at any 
age. Tn adults the prognosis is usually grave. 

The verte^ffse of the lower thoracic and the upper lumbar regions, 
especially the last three thoracic and the first and second lumbar^'a|re 
most liable to the disease, though no part is exempt. The susceptibility 
is generally attributed to great range of mobility as well as a considerable 
amount of weight-bearing in the lower thoracic and upper lumbar regions. 

As a rule two adjoining vertebrae are affected, occasionally three or 
four. Rarely there are two unrelated foci at different levels in the 
vertebral column. 

In children the earliest lesion generally lies in the centre of the 
body of the vertebra; in adults not infrequently the tuberculous 
process begins under the periosteum on the anterior surface. 1 Rarely it 
lies in the vertebral bodj-^ close to the intervertebral fibro-cartilage, and 
more rarely still in the spine, laminae or transverse processes. > It is 
said that the usual localization of the disease to the centre of the 
vertebral body depends upon the anatomical distribution of bloodvessels, 
for this part is supplied by the principal nutrient artery, a small branch 
of the posterior spinal artery, whereas the upper, low and anterior 
surfaces have a different blood supply. In adults a greater portion of the 
blood reaches the surface of the vertebral body, by branches from the 
cervical, intercostal, or lumbar arteries. 

'The progress of the disease may be greatly modified and aggravated 
by the occurrence of collapse of the body of the affected vertebra. 
Such collapse is an incident of some importance, for it may lead to 
complicating factors : (1) mechanical deformity of the spinal column, 
(2) dissemination of pus and tubercoilotts products into neighbouring 
tissues, and (8) involvement of the spinal cord. 

(1) The deformity is usually simple kyphosis, but sometimes a 
certain degree of scoliosis is added. The extent of the deformity varies 
greatly in different parts of the column ; in the cervical spine the roots 
of the transverse processes lie almost directly lateral to the vertebral 
bodies, and tend to prevent or minimize deformity; in the lumbar 
region the column is so broad and deep, and its ligaments and cartilages 
are so firmly attached, that deformity is rarely more than a diminution 
of the normal lordosis; but' in its thoracic part the colunm is weak 
and the pedicles of the vertebrae lie well behind the vertebral bodies, 
and consequently the deformity is often grekt. The deformity may be 
a gradual bend, but often there is an acute angulation or gibbus. 

The effects of the kyphosis may be severe. When the angle is in 
the upper thoracic region the sternum is depressed and the whole 
thorax flattened; when in the lower thoracic region the thorax is 
pushed forwards and compressed from above down; and in either case 
there is interference with expanision of the chest and considerable 
displacement of the heart and great vessels. 

(2) Dissemination of tuberculous products from the collapsing bone 
leads to the^bmation of a cold absdess. At first the abscess lies closely 
adjoining the diseased bone, limited anteriorly by the prevCTtebral 
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fioscia, and it may spread beyond these confines in various directions 
according to the anatomical planes in the affected part. In the neck an 
abscess may pass anteriorly into the pharynx, or laterally to the skin 
of the posterior triangle, or it may track downwards into the medias¬ 
tinum. In the thorax an abscess may occupy the mediastinum, or 
point at the surface or pass behind the diaphragm. In the lumbar 
region the abscess usually enters the psoas sheath and spreads to the 
iliac fossa, the pelvis or the groin. 

(8) Involvement of the spinal cord {PotCs j^aeaplegia) occurs in 
approximately 10% of cases of spinal tuberculosis, and constitutes a 
very grave complication. Occasionally the cord is pressed upon by a 
pold abscess, by a sequestrum, or as a result of pathologicaLdislocation 
“^of a vertebra, but in the great majority cord involvement is due to 
oedema and vascular changes, associated with thickening of the dura 
mat» in contact with tuberculous ddhris displaced backwards from the 
diseased vertebra. It must be remembered that except in the upper 
cervical region the cord depends for its blood supply upon small seg¬ 
mental vessels which reach it by passing along the nerve roots from 
vessels in the extradural space. Consequently, when the extradural 
tissues are filled with tuberculous material, the corresponding segments 
of the cord are very liable to venous congestion and oedema. In these 
cases the dura mater is often thickened and fibrous, and formerly was 
regarded as the site of tuberculous pachymeningitis ; recent observa¬ 
tions make it clear, however, that the dura mater is rarely tuberculous, 
and indeed it generally offers a very resistant barrier to the spread of 
the disease. 

The paralysis is generally of spastic type, for the vascular changes 
in the cord tend to involve the anterior columns first. At first the gait is 
unsteady and there is a sensation of walking on wool; later, a spastic 
paraplegia develops. If special precautions are not taken, contractures 
may develop at the hip, knee and ankle, owing to the unopposed pull of 
the more powerful muscle groups. In severe cases there are (1) loss of 
sphincteric control with the risk of ascending urinary infection, 
(2) trophic loss with risk of bedsores, (3) sensory paralysis, and (4) 
flaccid paralysis. These complications influence the prognosis, and the 
mortality from Pott’s paraplegia is over 80%. 

Two clinical types are recognized, according to the time of onset of 
the paralysis in relation to the osseous disease :— 

(1) Early onset. In tlus type the symptoms of cord involvement 
arise during the first year or two of active bone disease. If due to 
oedema and vascular changes the paralysis comes on gradually and 
increases in severity as the bone disease progresses. In the majority of 
cases, after a few months at even as long as a year, when the bone 
disease reaches a healing phase the ps^alysis also diminishes, and may 
even pass off completely. ; 

If, on the other hand, it is due to'|he pressure^ of tm abscess or a 
sequestrum, or to a pathological disloca tion of the vertdbrse, the paralysis 
comes on more rapidly and is permanent. The same applies to the rare 
Cases in which pa^ysis lostilts from thrombosis of the segmental blood 
vesselB supplying the cord. . .. 
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(2) LeOe onset. In this type the symptoms of cord involvement arise 
years after apparent arrest of the bone disease. They are generally due 
to mild vascular changes in the cord. The paralysis is usually incomplete 
and recovery is likely. 

Tuberculosis of the Atlas and Epistropheus. This condition presents 
such distinctive features as merit separate consideration. Here the 
disease affects the articulations between the occipital bone and the 
atlas, and between t^e atlas and epistropheus, as well as the bones 
themselves. The joint cartilages are extensively destroyed, and parts 
of the bones, e.g., the odontoid process, may undergo sequestration. 
OChere is a special tendency for the atlas to be displaced forwards on the 
epistropheus. , If this occurs suddenly death results immediately from 
impingement on the cord, but if the movcnient is very gradual, con¬ 
siderable displacement may do no harm. Caries of the upper cervical 
vertebra; may give rise to a chronic form of retropharyngeal abscess. 

Tuberculosis of the Hip Joint. Like most forms of joint tuber¬ 
culosis, that at the hip occurs most commonly in childhood. It arises 
most often between the ages of three and six years, and Ts progressively 
less frequent at later ages. In adults, tuberculosis of the hip more 
often represents rccrudcseenec of an old-standing disease than a fre.sh 
infection. 

The infection may be 
primarily osseous or 
synovial. It is generally 
stated that the< initial 
focus is osseous in 75% 
of cases, but modern 
radiological investigation 
of early cases does not 
bear this out, and sugges ts 
that the infection is more 
often s 3 movial in origin. 

There are two com¬ 
mon sites for an initial 
osseous focus. The first 
is at the^emoral meta- 
ph^sis near the inferior 
aspect of the neck of the 
femur (the so-called Bab¬ 
cock’s triangle). At this 
point the disease is intra- 
articular, and the infec' 
tion may spread dkectly 
from the bone to the 



synovial membrane, or 
it may perforate the^j^- 
physial cartilagd,'invade 
the head of the femiir, 
and erupt at the arti¬ 
cular surface. In-< rare 


Fio. 96. Tuberculosis of the hip joint. The 
f articular cartilages have been destroyed and the 
• liones' eroded, and the femur has assumed a 
pronounced adduction deformity. The presence 
of much new bone, which forms numerous 
marginal osteophytes, indicates tliat a supers 
addra septic infeduon had occurred. 

(Jif fUeum of BoytA CoBege of Surgeon* of Sdinbwgk.) 
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cases, if early treatment be instituted, the disease may remain 
confined to the bone, and form an encysted focus in the neck of the 
femur. 

The second site for an initial bone focus is in the^nominate bone 
close to the triradiate cartilage. From thence the disease spreads 
directly into the joint in the region of the pad of fat. It may spread also 
through the pelvic bone and lead to abscess formation within the 
pelvis. 

In many cases, probably the majority, there is no initial bone focus, 
and the infection is primarily synovial. Radiological examination at an 
early stage shows some increase in density of the peri-articular soft 
tissues, but no other abnormality. Later, diffuse decalcification of both 
the femur and the acetabulum is a marked feature, and the joint outline 
becomes indistinct or quite unrecognizable. There is little fluid disten¬ 
sion of the joint, but cold abscesses in the peri-articular soft tissues 
occur in nearly 50% of cases. 

The articular cartilages are eroded, and the adjacent bone may 
be infected. The upper part of the head of the femur and the upper 
posterior part of the acetabulum undergo greatest destruction at this 
stage, for these parts are subject to the greatest pressure, particularly 
if, as often happens, the joint be flexed and adducted. The head of the 
femur may become greatly deformed, whilst the acetabulum is deepened 
and enlarged upwards and backwards, the so-called “ wandering 
acetabulum.” 

The process of healing in tuberculosis of the hip joint is necessarily 
slow. In cases in which the diagnosis has been established beyond 
doubt, complete healing with restitution of full movement is extremely 
rare. In the majority of cases, the disease persists in a quiescent state 
during many years, and is liable to recrudescence. Movement at the 
joint remains greatly impaired, owing to deformity of the articular 
surfaces and fibrosis of the peri-articular soft tissues. Following upon 
destruction of the articular cartilages, bony ankylosis usually results. 

Tuberculosis of the Sacro-iliac Joint. Sacro-iliac tuberculosis is 
relatively uncommon. It differs from other forms of bone and joint 
tuberculosis'in occurring mainly in adults, generally between the ages of 
twenty and thirty years, it is rare in children. It may be the only 
apparent focus of tuberculosis, but more often active disease in the 
lungs coexists, and the health is gravely impaired. 

Sacro-iliac tuberculosis is almost invariably osseous in origin. It 
generally starts in the sacrum and spreads thence to the sacro-iliac joint 
and to the ilium. Not infrequently, the lumbosacral articulation is also 
involved in the extensive destruction of bones. 

Development of cold abscesses is an important feature of the 
disease and, indeed, may provide the first sign of its presence. An 
abscess forms usually immediately to one side of the joint posteriorly, 
less often in the iliac fossa and inguinal or femoral region. There may 
be extension through the gluteal foramina, but extension to the ischio¬ 
rectal fossa is exceedingly rare. 

Tuberculosis of the Kate Joint. The luiee is one of the commonest 
sites of tuberculous arthritis. It is most often affected in childhood and 
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adult life, but the disease is by no means rare in old age,- when it 
may assume a very acute form. The infection is blood-bome, and in the 
majority of cases arises in a concealed glandular focus, much less often 
from an active pulmonary lesion. 

Pathologically, there are two fairly distinct types of arthritis: 
(1) synovial, and (2) ostco-arthritic. 

(1) The synovial is commonest in childhood. The synovial membrane 
is thick and gelatinous and coated with opaque nodules or tuberch's. 
Microscopically, the lining epithelium is greatly thickened and the 
supporting fibrous tissue is oedematous and increased in amount and 



Fio. 97. Tuberculosis of the knee. The articular curtilages over both 
tibial condyles and the medial femoral condyle have been eroded and 
destroyed. A large pantius of diseased synovial membrane covers the 
medial condyle of the tibia. 

(J9y eounny of Prof. J. W. S. Blaekloek.) 

may show degenerative changes and caseation. A characteristic feature 
is hypertrophy of the peri-synovial fat, especially around the supra¬ 
patellar pouch and the back of the joint. In many cases fringes— 
papillary or nodular—project from the synovial membrane and may fill 
the entire joint space. In almost all instances there is a considerable 
effusion of clear or straw-coloured fluid, which may be loculated. 

The synovial type of disease usually pursues a very chronic course, 
and, under favourable conditions, shows a pronounced tendency to 
resolution, often without more than slight loss of movement of the 
joint. In severe cases caseation with cold abscess formation may occur. 

(2) The osteo-arthritic variety is characterized by destructive changes 
in the cartilage and the subjacent bone. In most cases the joint infection 
is secondary to eruption of caseating foci in the epiphyses. Such foci 
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are more common in the femoral t}^|||^^^H|Kndyles; they are rare 
in the patella, btfC may be conhh^ toj^^HH|onally at the lower end 
of the femur tiie disease is of a very involving the diaphysis 

at well as the epiphysis. The disease rraH|Kh the joint at the reflection 
of the synovial membrane or at ah^^«|||pof the articular surface. 
Subchondral infiltration of the bonesi|||||i^ead to extensive necrosis 
of the cartilage, which may become loBtfewad detached. The synovial 
membrane usually shares in the diseMC Imd may become extensively 
adherent to the ulcerated cartilage. 'Subluxation of the joint is a 
common occurrence. 

In the osteo-arthritie type of tuberculosis the joint may be 
greatly disorganized. Healing is usually very protracted and, even 
in favourable cases, fibrous or osseous ankylosis is the usual result. 
It is in this variety, especially in adults, that operative measures 
may be needed to shorten the course of the disease and to secure 
ankylosis. 

Tuberculosis of the Ankle Joint. Involvement of this joint is 
usually the result of disease in the talus, or of the lower end of the tibia 
or fibula. The disease is characterized by thickening of the synovial 
membrane and often by the formation of cold abscesses, which tend to 
point on the lateral aspect behind the lateral malleolus. 

Tuberculosis of the Shoulder. At the shoulder the disease usually 
begins in the head of the humerus, and the disease is commonest in 
adult life, not infrequently in association with pulmonary tuberculosis. 
In many cases the arthritis is of a very chronic type and associated 
with organization and fibrosis of the tuberculous exudate (caries sicca). 
The cartilage of the head of the humerus is usually destroyed, and 
the glenoid fossa may be involved in disease or altered in contour by 
pressure. 

Tuberculosis of the Wrist. At the wrist one of the carpal bones 
is usually affected first, especially the os capitatum. From here the 
infection travels readily to the synovial membrane and to the other 
bones of the wrist. In young subjects the disease may lead to gross 
disorganization of the carpus and wrist joint x but in adults, it is often 
more chronic and may culminate in fibru<uss^us anlcylosis. 

Tubneidous Dactylitis (spina ventosa). This condition^ nowadays 
uncommon, occurs mostly in children before the age of ten years. 
Either phalanges, metacarpals or metatarsals are affected and some¬ 
times the disease is multiple and bilateral. In the foot the first meta¬ 
tarsal is most frequently affected. The earliest focus lies near the mid 
point of the diaphysis—a localization attributable to the disposition of 
the nutrient artery, which breaks up into fine branches immediately it 
enters the bone. As the tuberculous de^neration progresses the 
periosteum of the diaphysis is raised and a shell of new bone develops ; 
its fusiform outline is determined by the fSaSv^y firm attachment of 
the ligani^ts at the extremity of the bone. When abscess formation 
and superadded infection occur the pathological appearances of the 
bone resemble thSse of aeute or chronic osteomyelitis. Growth in the 
long axis is usually intezi^pted or inhibited, and'the affected bone 
beC»j(oes short and bairdl shaped. 



TUBERCU^^^I^ONES AND jqiNTS 193 

Tuberculosis of the^H^HRlie Skull and Face, ^he fiat bones of 
the skull may be tuberculosis in childhood and in 

adolescence. The disea^lH^^^mely rare. The temporal and frontal 
bones are those most ofsHll^^^ved, and the parietal and occipital 
bones only rarely. The d!|PiaBegiiis as a localized fogus in the diploe, 
in which it may spread considerable distance without much 

evidence on the exterior. site of disease the bone is rarefied, 

until finally the outer table jS perforated, and small light sequestra 
may result. On the inner table the dura mater is thickened by the 
formation of uedematous granulations, which exteiul for a considerable 
distance beyond the osseous lesion. 

The facial bones arc occasionally affected by tuberculosis. The bone 
attacked most often is the z ygom a in its maxillary process ; the disease 
usually terminates in the formation of an abscess, which by ruptui*e 
results in a sinus situated near the lower margin of the orbit. The 
mandible is especially liable to attack at the time of the second dentition. 
Either the ramus or the body may be involved. 

Tuberculosis of the Ribs. The ribs are liable to infection in adults 
more often than in children. Disease at this site is common in associa¬ 
tion with other tuberculous osseous or arthritic lesions. The disease 
usually begins in the neighbourhood of the costo-chrondral junctions, 
which correspond to the metaphyses in long bones. The rib is thickened, 
and an ovoid, elastic swelling may develop in the soft tissues. Abscesses 
arising from a tuberculous focus in the rib may track f<»r a consitlerable 
distance before reaching the surface. 
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CHAPTER IX 


DISEASES OF JOINTS 

Healthy joints perform their functions so unobtrusively that their 
mechanical perfection is often not realized, yet upon their smooth 
action the efficiency of the whole system of locomotion depends. 
Stiffness or pain even in a single joint may profoundly hinder the 
movements of the whole body. 

From their delicacy of structure and precision of movement, and 
from the constant stresses to which they arc subject, joints are 
readily disabled as a result of disease. A joint may be incapacitated by 
influences which affect its interior (intra-articular lesions) or from 
changes aff<‘Cting the structures around it (peri-articular lesions). 

Acute diseases of joints are rare, a fortunate circumstance, for their 
effects arc often grave, but chronic diseases are extremely common. 
Indeed, a deforming arthritis is one of the most usual causes of chronic 
disability in adults, and joint tuberculosis is frequent in children. 

The proper working of a joint depends upon many factors, among 
which arc the free and properly co-ordinated movement of its muscles, 
the alignment of its bones and the integrity of its ligaments, but most of 
all upon the condition of its bearing surface, the articular cartilage, and 
upon its lubrication. 

The cartilage, which is of hyaline type, is about 3 mm. thick. It 
is smooth, hard and highly polished, and it provides an ideal bearing 
or gliding surface. 

The nutrition of articular eartihige is a problem of some interest, 
for the cartilage itself is entirely avascular, yet nourishment must be 
essential for its proper vitality. Almost a hundred years ago Toynbee 
showed that in the bone deep to the cartilage there is a rich plexus 
of blood vessels, and it seems likely that this forms the chief source 
of nourishment, which no doubt reaches the cartilage by a process of 
imbibition. Since the blood sui)ply is most copious near the margins of 
the cartilage this part when irritated frequently proliferates, e.g., in 
osteo-arthritis; whereas the central part of the cartilage is less adequately 
nourished and is more liable to degeneration. If a small fragment of 
cartilage is set free in a joint it may live and actually grow, and it must 
therefore be assumed that the cartilage can absorb nourishment 
from the synovial fluid, but since in health the synovial fluid has a very 
low protein content its nutritive value must be small. 

Repair in cartilage is a very slow process, for cartilage cells 
have little proliferative power. A wound of the cartilage is always 
repaired by fibrous tissue, and for this reason any damage to the 
cartilage, whe^er from injury or disease, may lead to serious interference 
with joint fuQction and often to fibrous ankylosis. 
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ACUTE PYOGENIC ARTHRITIS 

Infection may reach a joint either (1) directly from an open wound, 
a compound dislocation, a local abscess or an osteomyelitis, or (2) by 
the blood stream from some distant focus. The latter variety will be 
considered in more detail here. 

The organisms responsible for this variety of arthritis are usually 
streptococci, staphyloc<x*ci or pneumococci. In most cases the arthritis 
occurs as a complication of a frank septicaemia ; occasionally the joint 
lesion provides the sole evidence that organisms have been circulating 
in the blood stream. Not infrecjuently infection is derived from the 
throat, or from suppurative processes elsewhere in the Innly, such as a 
whitlow or puerperal endometritis. The hip joint is most often affected. 
The severity of the arthritis varies greatly and is determined by the 
virulence of the organisms. Staphylococci generally lead to such gross 
pathological changes in the joint as effectively prevent fun(;iional 
recovery, whereas streptococci may cause eitluT a fulminating or a 
relatively mild, subacute attack. 

The synovial membrane becomes greatly swollen and congested, and 
from oedema assumes a soft, almost jelly-like consistency. Coincidently 
the joint becomes distended with Iluid, at first of watery consistency 
but containing pus cells and fibrinous flakes, later jmrulcnt. 

The cartilage loses the glisten t»f health and becomes undermined, 
so that portions of it may become detached, leaving the bone exposed 
and bare. The soft parts arc infiltrated with inflammatory products 
and become softened and stretched. Escape of the purulent effusion 
leads to abscesses, which develop in the soft tissues and burrow in 
various directions. The bone abutting on the joint may undergo 
absorption and permit subluxation or dislocation of the joint. 

Acute pyogenic arthritis may cause much pain and great constitu¬ 
tional reaction. In the course of septicaemia or pyaemia, liowevcr, the 
symptoms may be masked by those of the general infection. In these 
circumstances damage to the joint is not necessarily great, and aspiration 
of the pus may suffice to restore the function of the joint. 

PNEUMOCOCCAL ARTHRITIS 

This may occur in the course of pnexunococcal septicaemia, or as a 
complication of pneumococcal disease in the lungs or elsewhere, or, 
rarely, as a solitary affection. It is most common in children. Unlike 
pneumococcal peritonitis of children, it is equally common in the two 
sexes. The course of the disease is very variable. Usually it is mild in 
type, the fluid remains thin and watery for a long time, and the cartilage 
is little affected ; but occasionally the arthritis is associated with severe 
toxsemia. When it arises in the course of general septictemia the joint 
disease may pass unnoticed. 

In adults, pneumococcal arthritis usually follows pneumonia. It 
is especially apt to begin about a week or ten days after,the opset of the 
infection, either at the time when the crisis is expected *>r shortly after ' 
it. The joint affected is usually a large one, such as the knee or hip. 
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Rarely several joints may suffer simultaneously. The articular lesion 
varies from a relatively mild synovitis to a severe infection of all parts 
of the joint. The fluid is at first watery, but usually suppuration ensues, 
and the joint fills with, tliick odourless pus, often slightly greenish in 
colour and sometimes containing thick fibrinous coagula. The pus 
usually contains pneumococci, but it may be sterile. 


TYPHOID ARTHRITIS 

A joint may be affected in typhoid fever at any time during the 
acute stage of the disease or when it is subsiding. The hip is the joint 
most often involved, and the infecting organism may be B. typhosus, 
alone or mixed with B. coli or others. The arthritis may run a n^d 
or severe course, with or without suppuration. Destruction of bone is 
a not uncommon result and may lead to dislocation. 

Scarlet fever, measles and other zymotic diseases may also be com¬ 
plicated by arthritis, which is usually of mild type and non-suppunative. 
In acute rheumatism arthritis is, of course, often one of the most obvious 
features. These diseases are seldom of surgical significance. 


GONOCOCCAL ARTHRITIS 

It is said tliat infection of joints occurs in from 2% to 5% of cases of 
gonorrhoea. Men are affected most often, but women and even infants 
are not exempt. The primary focus of the disease in the great majority 
of cases lies in the urethra, prostate or seminal vesicles; but arthritis 
may occasionally complicate vulvo-vaginitis or gonorrhoeal ophthalmia. 

Involvement of the joints results from actual infection by gonococci, 
borne in the blood stream, but it is rarely possible to demonstrate the 
organisms in fluid withdrawn from the joint, and for diagnosis reliance 
must be placed on such circumstantial evidence as recognition of the 
primary focus, demonstration of changes in the blood by complement- 
fixation tests, and the effect of treatment. 

Often only one joint, and that commonly the knee, is affected, but 
sometimes there are several, especially the knee, elbow, wrist, ankle, the 
joints of the fingers and the temporo-mandibular joint; occasionally 
the joints of the vertebral column are involved. The joint infection 
usually appears about three weeks after the onset of the primary 
lesion, but it may arise at a much later stage, when there remains only 
a hidden focus in the prostate, and the only sign that persists is merely 
slight “ gleet.” The int«lnsity of the arthritis bears no relation to the 
extent and severity of the original infection, but in gj^peral the earlier 
its onset after the urethritis the more intense its effects. Apart from 
the arthritis there may be other evidence of heematogenous infection. 
Other serous surfaces may be involved, such as tendon sheaths and 
bursse. Rarely endocarditis, pleurisy or meningitis may occur, and 
fasciae and aponeiuoses also may suff^. 

The intensity of the joint disease varies greatly, and there may be a 
transient affection that is hardly recognizable or a severe lesion that 
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causes much suffering, and great and permanent deformity. There is 
a definite tendency for the arthritis to recur with every exacerbation 
or fresh attack of gonorrhoea. 

The following principal types are recognized. 

(1) Acute Graococcsd Art^tis. In this type the virulence of the 
infection is great and its effects are correspondingly severe. A large 
joint such as the knee or elbow is commonly involved. The onset of 
the synovitis'is rapid, with pain and constitutional symptoms. The 
joint becomes distended with turbid fluid, and there is considerable 
inflammatory change in the periarticular tissues. The skin assumes a 
fiery red colour and the local temperature is raised. The disease may 
subside after a short acute phase, but often resolution is imperfect and 
the joint movements remain limited by fibrous periarticular adhesions. 

. Occasionally the joint fills with pus, there are acute inflammatory 
changes in the synovial membrane, the cartilages undergo destruction, 
and abscesses may form in the soft tissues. This suppurative type is 
generally due to secondary infection with pyogenic organisms. 

(2) Chronic Gonococcal Arthritis. This is much more common 
than the acute affection. It occurs in two forms—^the dry form and the 
hydropic form. The dry form of chronic gonococcal arthritis is usually 
polyarticular in distribution. The infection is of low virulence, and 
the disease is not acute, but it is apt to persist for a long time and to 
cause great disability. Most often the wrists and the small joints of 
the hands are affected, or the disease may attack one or more larger 
joints, ^he onset is insidious, with pain and stiffness of the joint and 
redness of the skin. The synovial membrane and periarticular soft 
tissues are infiltrated with inflammatory cells and are oedematous, but 
there is little or no increase of fluid in the joint. The disease may 
subside completely, but very commonly fibrosis occurs, both in the 
joint and in the soft parts, and as a result stiffness persists or increases. 
Actual fibrous ankylosis may occur, often with severe contraction 
deformities. This type of disease bears a close resemblance to the 
polyarticular form of chronic rheumatoid arthritis, for which it may be 
mistaken. 

The hydropic form of chronic gonococcal arthritis may involve one 
or more of the joints, usually large joints, such as the knees, which 
gradually become distended with serous or sero-fibrinous fluid. There 
is little or no inflammatory reaction around the joint and there are no 
constitutional symptoms. Movements of the joint are relatively painless 
and comparatively unrestricted, except by the mere presence of 
articular effusion. Usually the disturbance subsides but relapses are apt 
to occur. 

SYPHILITIC ARTHRITIS 

Syphilis, uhlike tuberculosis, rarely gives rise to serious affections 
of the joints, and syphilitic arthritis is generally regarded as a very 
tmeomraon condition. Those who have made a special study of the 
disease, however, claim that it is not really so inficqu^t, and it is 
possible that many cases go unrecognized, or pass as examples of 
rheumatoid arthritis. 
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In acquired syphilis the joints may be affected at any period after 
the spirochffites have reached the blood stream, and at any stage tl^ 
lesions may be mild or Revere. 

In the secondary stage the lesions are usually of mild character. 
Transient pains in the joints (arthralgia) arc not uncommon at the time 
of the skin rashes, and it is possible that these indicate a fleeting 
affection of the synovial membmne. 

Sometimes in the secondary stage there is a painless distension of the 
joint by clear watery fluid (syphilitic hydrarthrosis). It is usually 
transient, but occasionally may persist for long periods. The knee joint 
is especially liable to be aff<“cted, and the lesion is often bilateral. 

In the late secondary or early tertiary stages a })1astic form of 
syphilitic arthritis may occur. Usually it is monarticular, and the 
knee, elbow or mid-tarsal joint is particularly liable to be involved. 
Sometimes, however, it is polyarticular, and may attack the carpus 
and the small joints of the fingers. In its pathological features it some¬ 
times resembles arthritis deformans, for which it may be mistaken. 

The joint is swollen by oedema of the soft tissues rather than by 
an intra-articiilar accumulation of fluid. What fluid is present is 
turbid and thick, containing great numbers of lymphocytes, and the 
fluid gives a strongly positive Wassermann reaction. The synovial 
membrane is greatly thickened and infiltrated with lymphocytes, and 
the extra-artieular soft tissues may show a “ white swelling ” not 
dissimilar to that of tuberculosis. With antisyphilitic treatment 
complet e resolution is to be expected, but if untreated the disease may 
progress to fibrosis and much deformity, and secondary degeneration of 
the cartilage may lead to partial ankylosis. 

In tertiary syphilis and in inherited syphilis there may occur a 
gummatous arthritis. Two forms of this arc described (Axhausen), the 
synovial and the asscous forms, according to the primary site of the 
lesion. In either case there is great thickening of the synovial membrane 
and an excess of fluid collects in the joint. The cartilage may be eroded 
and irregular, and there may be a gummatous osteitis in the adjacent 
bones. 

In inherited syphilis the same types of joint lesion may occur, and 
■“may be bilateral. They occur most often in the knees, and commonly 
arise at the time of or just before puberty. In addition, the joints may 
be involved by spread of tlie disease from the neighbouring epiphyses 
(see Syphilitic Osteochondritis, p. 128). 

ARTHRITIS DEFORMANS 

It seems likely that this is a medley of diseases rather than an 
entity, and it may be said to include all those chronic affections of joints 
for which no specific cause is at present known. Only comparatively 
recently have the articular lesions of rheumatism, gout and gonorrhoea 
been differentiated, and probably in the future other equally specific 
diseases will be distinguished. 

The subject is confused by a bafSuig terminology, the result of 
different views in regard to the aetiology. Some of the names are 
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variously applied to the whole disease or to aiiy of its separate parts, 
and none is universally acceptable. The noraenclature employed here 
is the one at present in most general use ; “ arthritis deformans ” is used 
as a generic term only. ^ 

At present the evidence clearly warrants the recognition of two 
principal sub-groups, typically quite distinct but linked by intermediate 
or “ mixed ” forms :— 

(1) Rheumatoid arthritis (synovial or proliferative type; chronic 
infective arthritis). 

(2) Osteo-arthritis (chondro-osscous or degenerative ty}>o). 

(3) Intermediate or mixed forms. 

RHEUMATOID ARTHRITIS 

This disease bears no recognizable relationshij) to rheumatic fever 
or other rheumatic affections, and the title “rheumatoid” is only 
justified by common usage. Rheumatoid arthritis is a polyarticular 
affection, often bilateral and symmetrical, most eonnnonly involving 
the metaearpb-phalangeal and proximal interiihalangeal joints of the 
hands and the smaller joints generally. The wrist, ankle, shoulder and 
the temporo-mandibular joints are also subject to the disease, thougli to 
a less extent. The disease affects women three or four times more often 
than men. It occurs at any age, but usually in adults of less than forty 
years. 

The Pathological Process. The onset of the disease may be marked 
by an acute or subacute phase, or the jirogress may be insidious 
throughout. The joints become swollen and tender, fixed by muscular 
spasm and painful on the slightest movement, and this state may 
continue for weeks or months. Later fibrosis sets in, with mechanical 
restriction of the joint movements and often with much crippling from 
contraction deformities. 

The course of the disease is that of a subaA*utc or chronic inflam¬ 
mation, the main effects of which fall upon the synovial membrane 
and other soft tissues. The cartilage and bone are also affected, but 
usually as a secondary process. The synovial membrane is invaded by 
lymphocytes and plasma cells, and becomes congested and cEdemutous. 
It is greatly swollen, and projects into the joint as red, proliferating, 
spongy masses, which fill up every available space in the recesses of the 
joint and creep as a web or pannus over the surface of the articular 
cartilage, often eroding it. When, in the later stages, the inflammatory 
process subsides there is much proliferation of fibrous tissue, whicli 
fixes bare portions of the bony surfaces and leads to severe contraction 
deformities. 

As in many situations where inflammation has subsided, there is a 
great tendency to the accumulation of adipose tissue in the synovial 
fringes ; such a condition, if extensive, is known as lipoma arhorescem. 
Occasionally also small islands of cartilage or even of bone may appear 
in the fringes, though tliis is more characteristic of osteo-arthritis. 

The synovial fluid is usually reduced below the normal quantity. 
The cartilage becomes atrophied and thin, as may be recognized in 
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radiograms by diminution of the interval between the bone shadows. 
The bone becomes rarefied, partly on account of the inflammatory 
process and partly from disuse. JVhen a severe contraction deformity 
exists, part of the bone may become absorbed, and allow of 
subluxation. ‘ Intra-articular ligaments suffer when the bone is affected, 
and become eroded and disintegrated. The long head of the biceps, for 
instance, ns it passes through the shoulder joint may disappear com¬ 
pletely. The articular capsule and extra-articular soft tissue are much 
affected, being at first swollen and oe<lernatous, and giving the enlarged 
joint a fusiform shape. In the later stages fibrosis in these tissues, 
together with similar changes in the joint, leads to the fixation and 
deformity which form such a disabling feature of the disease. The skin 
over the joint becomes thin and bluish-wliite. its surface dry and shiny. 

etiology. Many theories have lx;en advanced in regard to the 
aetiology of rheumatoid arthritis and still it remains unsolved. Briefly, 
the main groups of theories may be classified as the non-infeet ivc and 
the infective. In the former group are such factors as congenital 
predisposition and endocrine disturbanees, of which it is impossible to 
say more than that they remain unproved. It lias been suggested that 
an important part is played by disorders of metabolism, and delay in 
the removal of ingested glucose, from the blood, faulty elimination of! 
sulphur, and abnormal jihosphorus metabolism have all been suggested; 
This very multiplicity, however, precludes conviction. 

There can be no doubt t hat in a large proportion of eases the disease 
is closely related to some infective or toxie eondition. Not infrequently 
there is a history that the onset of the joint disease has been preceded' 
by an exacerbation of some infective foi-us in the ujiper air passages, in 
the abdomen, or elsewhere, and a tcmiporary “ flare-up ” of the joint 
disease with subsequent improvement is a common result when such 
a focus is removed. Moreover, in adults occasionally, and in children 
more often, there arc other signs of chronic infection, such as sallow 
complexion, enlargement of lymj)h glands, and occasional pyrexia. 
In cliildren also the spleen may be enlarged (Still’s disease). It is 
interesting to note that often there is an absence of hydrochloric acid 
from the gastric contents and that the bacterial flora of the stomach 
and upper intestine is greatly altered and increased. It is possible 
that toxic absorption from this source plays an important part in the 
aetiology. 

Bacteriological examination of the joints is usually negative ; a few 
workers have claimt^d to be able to isolate streptococci, diplococci or 
other organisms with regularity, but confirmation of such findings is 
lacking. More probably the joints are affected by toxins derived from 
distant septic foci. It has been suggested that the affection is an 
allergic one, and that from repeated exposure to allergic influence the 
joints are rendered hypersensitive to small doses of toxin. 

•STEO’ARTMRITIt 

This is an age-old affliction of mankind. Buffer has described 
many interesting specimens obtained from the tombs of ancient Egypt, 
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including examples of spondylitis and of osteo-arthritis of the hip, 
shoulder and other joints. Osteo-arthritis has even bf‘en found in 
skeletons 6,000 years old. Lower animals are also subject lo the 
disea.se, both in (•Hj)tivity and in their natural haunt.s. 

In typical instances osteo-arthritis differs greatly from rheumatoid 
arthritis. It affects adtilts and old people, especially males ; it mainly 
affects one joint at first (though others nmy be involved to a less 
degree), and it affects articular cartilage and bone principally, synovial 
membrane to a less obvious extent. This general statement, however, 
is subject to qualification, for intermediate forms are common. 

Osteo-arthritis affects the knee most often, then the hip (malum 
coxas senilis), the metacarpo-])halangeal joint of the thumb, and the 
con-esponding joint of the great toe. In elderly people a miUl, though 
sometimes disabling, form of osteo-arthritis is often seen in the joints of 
the fingers. The joints, ligaments and cartilages of llu; vertebral 
column may be affected, and constitute the condition known as spondy¬ 
litis deformans, wliieh will be described separately (see p. 301), 

Morbid Anatomy. The pathological process affects cartilage and 
bone primarily and princijially, the synovial membrane and otlier soft 
tissues only at a later .stage. Cartilage aiul bone undergo changes which 
are both degenerative in nature but als(* to a great extent proliferative. 

Fisher has emphasized the fundaiia'iital differences between the 
changes near the centre of the joint surfaces and near the periphery. 
The central jiurt of the articular cartilage is comparatively ill-nourished, 
and, moreover, bears the brunt of the body-weight or other forces, 
whereas the peripheral portion is adc<iuately nourished and little 
subject to pressure, (.'onsequently the changes in the central area arc 
principally degenerative ; those at the pi'riphery chiefly proliferative. 

The ecaitral part of the cartilage is affec'led tirst. If, undcrgoe.s 
degenerative changes whereby it becomes dull and velvety and of soft 
consi.steney. MitToseojiicnlly, the earliest change is in the smooth 
hyaline matrix of the cartilage, which becomes fibrillated and frayed. 
The cartilage cells lose their regular arrangement, and tlicy become 
swollen and eventually disappear. Sometimes whilst the greater portion 
of the cartilage; is worn away small areas remain unaffected and form 
smooth rounded eminences on the articular surfaces—epi-articular 
ecchondroses. 

At the periphery of the joint .surface the cartilage proliferates and 
forms large irregular masses—peri-articular ecchondroses or chon- 
drophytes—which may fringe the entire joint like an extension of its 
articular surface, or may fiank it like irregular buttresses, or again 
may project in polypoid fashion. Such outgrowths usually become 
ossified and may then be called chondro-osteophytes. Sometimes they 
form a complete collar round the joint and interfere greatly with 
movement. 

Wlien the cartilage is worn away, the bone at the joint surface 
becomes exposed, and often undergoes a curious change known m 
eburnation, whereby parts of its surface become dense, smooth ana 
shiny like porcelain or ivory. In hinge joints such as the elbow or 
knee thi% to-and-fro gliding movement may give rise to an alternation 
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of cartiJagc-coveicd ridges and grooves. The bone is decalcified, 
porpus and light, and near the joint it is sometimes replaced by areas 
of fibrous tissue in which small cysts may develop. Softening of the 
bone may lead to secondary deformities, as at the hip, where eoxa 
vara may occur with shortening and apparent broadening of the neck 

and sometimes extensive 



resorption of the head. 

The synovial mem¬ 
brane is affected at a 
relatively late stage. It 
is thickened, and from its 
surface there project into 
the joint numerous pro¬ 
cesses, which may be fine, 
delicate and filamentous, 
or coarse and pedun¬ 
culated {synovial villi). 
These are very liable to 
be nipped between the 
joint surfaces, when tem¬ 
porary increase of fluid 
in the joint results, with 
exacerbation of pain and 
disability, Masses of 
cartilage may grow in the 
synovial fringes {synovial 
chondromata) from small 
islands of cartilage cells 
normally present. They 
may attain large size and 
may become calcified or 
even in part ossified. In 
other cases masses of fat 
accnmiilateinthesynovial 


fringes and project 

rio. 08, Osteo-arthritis of the knee. Asi>cciiiien 

obtained pust-mortein from an eldi'fly person wlio joint \lipoma 

had not oomplaiiied of symptoms referred to the arborescens). 

joint. Numerous flbro-fatty villous masses Loose bodies are of 

jirojeet from the synovial meiubranc. Note , e .. . 

that the suprapatellar bursa is unaffected. very frequent occurrence 

(AfuMum of KoyoU CoUtge of Surgeons of Edinburgh .) If* OsteO-artliritis. The 

majority of the loose 
bodies arise from detached synovial fringes, and hence may be com¬ 
posed entirely of fibrous tissue or may contain fat or cartilage. Usually 
in the last variety some calcification is present, and often true bone. 
Other bodies arise from the detachment of portions of periarticular or 
cpiarticular chondrophytes {see p. 209). 

Heberden^s nodes are small rounded bony outgrowths which arise 
from the bones of the fingers and project under the skin. They are 
common in osteoarthritis and are usually multiple and symmetrical. 
They lie close to one of the interphalangcal joints, commonly the 
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terminal ones. Often tliey lead to deviation of the terminal part of 
the finger and to flexion or extension deformity. Usually they eause 
little disability but oceasionally they give rise to limitation of move¬ 
ment. 

Pathogenesis of Osteo-Arthritis. The most noteworthy feature in 
the pathology of osteo-arthritis lies in the 
close association of degenerative and pro¬ 
liferative chAnges—the articular cartilage 
over the centre of the joint surface is 
softened and worn away, whereas that at 
the periphery is stimulated to grow. It 
seems most satisfactory to attribtitc this 
differential effect to the fact that the central 
•part of the cartilage is poorly nourished and 
moreover is subject to the constant pressure 
of the opposed articular surface, whereas the 
peripheral parts of the cartilage arc better 
nourished and are subject only to intermittent 
pressure. 

In a large proportion of cases there is 
evidence that trauma plays an important 
part in the development of the arthritis. 

Thus a mobile medial meniscus or a loose 
body may in the course of time lead to 
arthritis ; in other eases there are occupa¬ 
tional strains, or stresses from faulty statics, 
as at the knee joint aft(;r malunited fracture, 
or in knock-knec, or at the first joint of the 
great toe in flat-foot. It cannot be accepted, 
however, that trauma alone can cause osteo¬ 
arthritis ; it merely determines the involve¬ 
ment of certain joints in persons who for 
other reasons are susceptible to the disease. 

It seems possible that in some cases the 
predisposing factor is a chronic low-grade 
toxaemia derived from distant septic foci, such as are frequently present, 
lilewellyn and others have upheld the view that the general predisposing 
factor is some derangement of metabolism or of the internal secretions, 
for osteo-arthritis commonly occurs at the climacteric and may be 
associated with hypothyroidism or other endocrine affections. 

According to Fisher, the fundamental feature of the disease lies in 
disturbance of the nutrition of the articular cartilage. In some cases 
the malnutrition results from long-continued absorption from septic 
foci; in other cases, from the effects of trauma ; or possibly, in old 
subjects, from sclerotic changes in the arteries. It is possible that 
changes in the nutritive quality of the synovial fluid are responsible. 

NEUROPATHIC DISEASE OF JOINTS (Charcot’s Joints) 

In 1868 Charcot described a peculiar joint affection that follows 
diseases pf tjje central nervous system. Jn 80% of cases this neuropathic 



Fio. 09. Ostco-iirthritis of 
the shoulder. Note the 
ehiirnation of tlic head of 
the humerus and the 
osteophytes at the mar¬ 
gin of the articular sur¬ 
face. 

{Department of flur < fery , TlnwereUy 
of tJUvihurgh .) 
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“ arthritis ” is due to tabes dorsalis ; in most of the remainder it is due 
to syringomyelia, but itlhayi^Srely follow cerebral diplegia, myelitis, 
and other lesions of the bl*ain, cord, and peripheral nerves.', In tabes, 
since the nerve lesion affects the lower part of the spinal cord, the 



joints affected are almost always those 
of the lower extremity. Most often the 
knee is involved, less frequently the hip 
or the ankle. Occasionally two joints arc 
involved, cither simultaneously or in succes¬ 
sion. In syringomyelia, since the cervical 
part of the spinal cord is affected, the joints 
of the upper extremity are most liable to 
involvement. /The arthropathy of syringo¬ 
myelia almost invariably affects the shoulder. 

“ Charcot’s disease ” is a term now gener¬ 
ally restricted to the joint manifestation of 
tabes, but this differs from that of syringo¬ 
myelia in no fundamental feature except in 



Fio. 100. Taljptic arthro¬ 
pathy of the knee. The 
lateral eondyle of the 
femur and the head of tlie 
tibia have l)cen eroded. 
From the pro.ximal end 
of the til>ia a larjje shelf 
of new bone projects 
forwards. 



causation. “Charcot’s disease” is a para- 
syphilitie or meta-syphilitic affection, which 
ii^not due to any direct effect upon the joint 
by the spiroeha;tes or their toxins^^ but is 
secondary to a loss of trophic influence or 
some other change resulting from the nerve 
lesion. It has been estimated that “Char¬ 
cot’s joints ” occur in about 3% of patients 
suffering from tabes. The joint lesion may 
arise at any period of the disease, even at an 
early stage, so rendering its recognition 
dilficult. 

Appearance of the Affected Joint. The 

pathological changes are remarkable in that 
there is at the same time extremely gross 
destruction of bone and articular cartilage, 
and often equally gross irregular new forma¬ 
tion around the joint. The whole process 
dcvelo])s with rapidity and with an entire 
ahsenee of pain. 

Tla‘ first morbid change appears to con¬ 
sist in/decalcification and resorption of the 
articular ends of the bones''and oceasionallv 


this can be recognized in radiograms before there is aTtj' v isible affection 


of the joint itself. As a result of some degenerative process the articular 


ends of the bone become soft and friable, and in this state, favoured by 
the absence of pain, the bone crumbles as a result of weight-bearing 
and friction. The articular end of the bone is rapidly eroded, often 
with the formation of irregular gniovcs and ritlgcs, and eventually 
large jHirtions of it may disappear. Often the joint contains massiv e 
loose, bodies. At the hip, the head and neck of the femur may vanish 
entirely, as though by the action of some corrosive agent {see Fig. 101). 
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At the kiiee the cuds of the tibia or femur may be desLroyeti, or 
one condyle may disappear while its fellow remains relatively 
unaffected. 

Coincident with the degenerative chauges'Ltliere is irregular j)ro* 
duction of cartilage and bone, so that ehondrophytes and osteoplxytes 
appear at the margins of the joints and in the substance of the capsule, 
forming irregular friable masses, which may be detached as loose 
bodies. , 



Fie.. 101. Tabetic arthro]>athy of the hip (Charcot’s joint). Note the 
gross destruction of bone and its extensive regeneration. The 
original acetubuluni has disaptieared eouipletciy, and u greatly 
enlarged joint cavity is surrounded by an irregular rim of new Iwrie. 
There arc several large nia.sses ot loose bone, whieli occupied the 
.synovial membrane and the peri-articular tissues. 

(Museum of Royal College of Surgeom of Jldinbupjh.) 


The synovial membrane shares in the destructive changes and 
becomes softened, disorganized, and infiltrated with granulation tissue. 
The capsule, intra-articular ligaments, and tendons may disintegrate 
and disappear, the peri-articular soft tissues are swollen with oe^ma 
far beyond the joint, and the overlying skin may be erythematous and 
congested. 

As a result of the bone deformities and of the laxity of the articular 
capsule the joint often becomes dislocated. The soft parts stretch 
greatly and the joint forms a thick voluminous bag, and may even 
open into bursse or the neighbouring joints. Thus at the ankle the joint 
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may ultimately include the whole of the talus and oth6r tarsal bones. 
The interior of the cavity is lined by a rough granulating membrane 
from which project polypoidal chon^o-osseous masses. The fluid of 
the joint is viscid, yellow, or often blood stained. 

Types of the Disease. T}u*ee pathological types have been described, 
according to the relative extent of the destructive and regenerative 
changes. The commonest form of the disease, seen most often in the 
knee in tabes, and characterized by much new bone formation, has been 
termed the hypertroj)hic type. The form seen in the shoulder, or less 
often in the hip, in which new formation is not evident and destruction 
predominates, has been called atrophic: and the rare form in which 
both destruction and new formation occur in but limited degree, and 
in which the changes resemble those of arthritis deformans, is known as 
“ osteo-artkritic.” It is evident that these so-called “ types ” are merely 
variations from the average, and the classification has a clinical rather 
than a pathological value. It seems probable that the extent and 
character of the changes depend to some degree upon the amount of 
movement that the joint has been allowed. 

The Cause of the Disease. The cause of neuropathic joint disease, 
the relationship of destructive changes on the one hand and of new 
formation on the other, and the dependence of the whole process upon 
some perverted nerve influence, form a study of particular interest 
from the standpoint of the physiology of bone formation. 

It is abundantly clear that the fundamental process is one of 
degeneration or destruction. New bone formation is a later jiroeess, 
and probably is attributable to the liberation of a vast amount of 
calcium, which rcadilj^ precipitates in any ossifiablc medium in the 
vicinity. 

It is not clear how disease of the central nervous system produces 
these effects, for removal of trophic influences alone is insufficient to 
account for them. It seems probable that the repeated trauma per¬ 
mitted by the absence of pain is an important factor, for Eloesser has 
shown exi)erimentally that after section of the posterior nerve roots to 
a limb, joint changes only occur if repeated injury is inflicted. 


LOOSE BODIES IN JOINTS 

Loose bodies in joints vary greatly in their number, nature, and 
mode of origin. They may be solitary or present in large numbers, 
even up to 100; they may be composed of cartilage, bone, fibro-fatty 
tissue, or fibrin; and they may arise as a consequence of either injury 
or disease. For convenience they may be classified as they occur in 
healthy or in diseased joints. 

Loose Bodies in Healthy Joints. The most striking example of a 
loose body occurring in a healthy joint is the so-called “ classical ” 
loose body in the knee. Such a body is commonly oval in shape and 
about the sis^ of an almond, and it is almost always single. It results 
from detachment of a portion of an articular surface, usually a portion 
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near the posterior aspect of one of the femoral condyles, and conse¬ 
quently one surface of the loose body is usually convex, smooth, shiny 
and covered by hyaline cartilage, whilst the other surface, originally 
the deep aspect, is flat or of irregular contour. 

Loose bodies of this type almost always affect males in early adult 
life, and the eause of the detachment is not yet clearly understood. 
According to Paget, the cause was a “ quiet necrosis ” of the subjacent 
bone, presumably resulting from the action of some toxin, and a some¬ 
what similar process has been suggested by Koenig, who gave it the 
name “ osteochondritis dissecans.” It seems more probable, however, 
that the essential feature is thrombosis resulting from trauma, which 
leads ttt imiiairmenl of the blood supply of a limitt'd area of the articular 
surface and to slow separation of the dcvitali/x'd portion. Often there 
is-a history of a previous injury to the joint, and ev(‘n when such a 
history is unobtainable there may be presumed to have been a minor 
injury or pcrhajis repeated small stresses. 

Once set free in the joint such a loose body is apt to become imjiaeted 
between the articular surfaces and to give rise to pain, locking and 
effusion of fluid. Subsequently the recurring trauma may predispose 
to chronic artlu*itis. 

It is an interesting fact that these loose bodies after being set free 
in the joint (toutinue to live ; and indeed the cartilage cells may actually 
proliferate so that eventually evt‘ry asjieet of the body is covered 
by cartilage. It appears that the nourishment required ftir survival 
and growth is derived from the synovial fluid. 

Other loose, bodies occurring in normal joints include such bodies as 
fragments of bone set free by fractures involving joints, and portions of 
intra-articular cartilages detached by trauma. Loose bodies of both 
these types most commonly occur in the knee joint, less often at the 
elbow. The tibial spin(‘ may sustain fracture, and tlu; mediitl semilunar 
cartilage is often detached, in j)art or completely, as a result of injury. 

Occasionally loose bodies composed of newly formed cartilage 
derived from the synovial membrane (synovial <'hondromata) occur in 
healthy joints, btit they are far more common in joints affected by 
chronic arthritis. 

Loose Bodies in Diseased Joints. Loose bodies may occur in many 
forms of joint disease, but they are most common in tuberculous 
arthritis, osteo-arthritis and neuropathic arthritis. They occur most 
frequently in the knee, shoulder and elbow (in that order of frequency), 
and are rare in other joints. 

Fibrinous loose bodies most commonly occur in tuberculous joints. 
They are snmil and oval or somewhat elongated, like melon seeds or 
grains of rice, and they resemble the loose bodies found in burs® and 
tendon sheaths affected by tuberculosis. They are of firm consistency 
but not hard, and consequently they> do not tend to become impacted 
between the articular surfaces. , They are usually present in large 
numbers and there may be as many as a hundred. Occasionally a 
fibrinous loose body is solitary, and is then apt to attain greater size 
than the multiple ones. 

Microscopic examination shows that the bodies are laminated but 
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have no cellular structure, and they 
appear to be composed principally 
of inspissated fibrin. Doubtless 
they owe their shape to the pill¬ 
rolling effect of the joint move¬ 
ments 

Fibro-faUy loose bodies most 
commonly occur in joints affected 
by osteo-arthritis or rheumatoid 
arthritis, but may occur in 
tuberculous and neuropathic joint 
disease. They are derived from 
hypertrophied fringes of synovial 
membrane, which project into the 
joint and become polypoidal and 
pedunculated. Sometimes the 
bodies lie entirely free in the joint, 
but more often some remain at¬ 
tached by delicate pedicles. They 
are liable to become nipped between 
the articular surfaces and are thus 
apt to cause recurrent pain and 
effusion. 

Bony and cartilaginous loose 
bodies are most common in osteo¬ 
arthritis, but they may occur in 
other joint affections. 

In osteo-arthritis the marginal 
outgrowths or chondro-osteophytes 
may project towards the joint space, 
and one or more of them may 
become detached and set free in 
the joint. Such pathological loose 
bodies contain small areas of bone 
but are composed mainly of fibro- 
cartilage, which serves to dis¬ 
tinguish them, from separated por¬ 
tions of the articular surfaces, 
which are composed of hyaline 
cartilage. 

Oth^< chondro-osseous loose 
bodies are derived from the syno¬ 
vial membrane (synovial chondro- 

Fio. 102. Loose bodies from joints, (a) A **classical” 
loose lK>dy, witiv the convex surface smooth, the 
other rough; (6) multiple fibrinous bodies of 
melon-seed or rioe-giain type; (e) synovial mem¬ 
brane with multiple cartil^inous bo^es attached; 

(d) loose bodies from a case of osteo-arthritis; 

(e) multiple cartilaginous loose bodies, probably 
derived from synovim chondromata. 

(DipatitmU <4 aar;«ry, OnittrtUy itf SiMurtk ,) 


mata). Many years 
ago Kdlliker showed 
that the synovial 
membrane normally 
contains islets of car¬ 
tilage cells, and under 
certain circumstances 
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these cells proliferate to form cartilaginous masses of consiilcrable 
size. Such chondromata are usually associated with ostco-arthritis but 
they may occur in the absence of any obvious joint disease. They may 
project superficially and be palpable as hard lobulated masses closely 
related to the articular ends of the bones, or they may protrude into 
the joint and ultimately be set free. Synovial chondromata are 
frequently multiple and usually do not attain a diameter of more than 
a centimetre.' Occasionally the 
greater part of the inner aspect of the 
synovial membrane is studded with 
small masses of cartilage. Some¬ 
times there is a single chondroma 
in relation to an otherwise normal 
jqint, and rarely it may attain large 
size, for example, the one shown in 
Fig. 103, which measured 8 cm. in its 
long axis. 

Cysts of the Menisci of the Knee 
Joint. Cyst formation in the menisci 
of the knee joint is of fairly frequent 
occurrence and the lateral meniscus 
is affected about six times more often 
than the medial. The cysts involve 
the anterior third or half of the 
meniscus and especially its peri¬ 
phery. There may be one or more 
large cysts which may attain a centi¬ 
metre in diameter; they arc sepa¬ 
rated by fibro-cartilaginous septa from 
a variable number of smaller cysts. 

The cysts contain gelatinous material. 

The lining membrane is smooth and 
glistening, and microscopically is 
found usually to consist of a single 
layer of flattened cells like endo¬ 
thelium. 

The setiology is not fully understood. In nearly all cases injury has 
preceded the development of the cysts; and although it may have 
occurred several months or even years previously, its importance cannot 
be ignored. But trauma seems to be only an exciting factor, because 
tbe cysts lack hsemorrhagic characters. Their clear contents suggest 
that they may result frtwi degeneration of areas of devitalized fibro- 
cartilage, probably the result of injury of tissue of normally poor 
vitality, a belief which is substantiated by the flnding of endarteritis 
in the tissues adjacent to the cysts. 

Some regard the cysts as distensions of synovial islet spaces present 
in the menisci, and assert that the lining is endothelial. The more 
common belief is that the cellular lining of the cysts is derived from 
the cells 6t the cartilage. 

Congenital Disc-shaped Lateral Meniscus. The embryonic disc 



Fiu. 1 o;j. Synovial chondroma, mea¬ 
suring 8* cm. in the lung axis, 
removed from the lateral aspect 
of the knc*e of a woman aged 
sixty-two years. The knee joint 
showed slight osteo-arlhritic 
changes. 

(Department of Svrgnp, Vnivereily of 
UdinbuTgli ) 
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pattern of the lateral meniseui of the knee occasionally pe^ists. In 
outline it may be circular, qt^idirilateral, or simply imusually broad at 
its anterior horn (comma sha^d). The importance of the abnormality 
is that it predisposes the cartilage to injury, and too may be responsible 
for a peculiar painless snapping noise in the outer part of the knee. 
The “ snap ” occurs at about 20° short of full flexion and full exten¬ 
sion, and at the same time a momentary check in joint movement occurs 
and the tibia and femur separate slightly and then fall together again. 
Both the “ snap ” and the altered gliding of the joint surfaces are 
accounted for by the presence of a transverse ridge at the anterior part 
of the cartilage which in extremes of movement must be surmounted 
by the femoral condyle. 


SPONTANEOUS OR PATHOLOGICAL DISLOCATION OF 

JOINTS 

A joint may be dislocated as a result of disease of the muscles 
which support it or govern its movements, or from diseases that affect 
its component parts. In most cases there is a combination of factors, 
varying in different joints. The joints in which pathological dislocation 
has been most frequently observed are the hip, the knee, and the 
oeei])ito-atlanloid articulation. 

At the hip pathological dislocation is more common than the 
traumatic, and the dislocation is always of the dorsal variety. Arthritis, 
septic or tuberculous, is the commonest predisposing cause, but 
occasionally paralysis of the abductors and extensors of the hip, such 
as follows poliomyelitis or birth injuries, has been responsible. Probably 
in both varieties trauma of such a degree that would not affect a 
normally constituted joint determines the actual dislocation. The 
prolonged assumption of the attitude of flexion and addxiction, in which 
position the head of the femur is least supported by the acetabulum, 
favours dislocation, and the stretched capsular ligaments and eroded 
articular surfaces render the .obstacles still fewer. If the dislocation is 
overlooked the muscles and ligaments become shortened m adaptation 
to the altered position of the femur. In old-standing cases the limb is 
shortened and assumes an attitude of flexion and adduction, and move¬ 
ments are restricted and painful. A false joint may develop on the 
dorsum ilii above the acetabulum. 

Dislocation due to muscular paralysis usually follows the adoption 
of faulty attitude from unopposed muscle action in paralysis of the 
abductor and extensor muscles of the hip, or it may follow contraction 
of the flexor and adductor muscles in spastic paraplegia. 

At the knee, spontaneous dislocation is usually due to arthritis, 
septic, tuberculous or neuropathic. The dislocation is a posterior dis¬ 
placement of the tibia and is attributable to inadequate support of the 
posterior aspect of the joint whereby the tibia falls backwards out of 
line with the articular surface of the femur. 

Pathological dislocation of the knee is exhibited in an exaggerated 
form in tabetic a^hropathy. From loss of the articular surfaces and 
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the destruction of intra-articular ligaments the joint may be moved 
in almost any direction without pain. 

At the atlanto-occipital or aUanto-epistrophic joint forward displace¬ 
ment of the skull or of the atlas may occur, as a result of tuberculous 
caries or from the effects of regional hyperaemia. If the atlas be suddenly 
displaced forward the dens may impinge oii the medulla or the upper 
part of the spinal cord and cause sudden death. Considerable dis¬ 
placement of the vertebrae may occur without the cord becoming 
compressed provfdcd the dislocation is gradual. In some cases there is 
merely torticollis deformity with marked fixation and great pain on 
attempted movement. 


HABITUAL OR RECURRENT DISLOCATION OF JOINTS 

Repeated dislocation from comparatively slight causes is especially 
apt to occur at the shoulder and at the temporo-nmndibular joint. 

At the shoulder, mobility and wide range of movenient are obtained 
at the expense of stability, and the joint gains relatively slight support 
from its bony surfaces or capsule, but owes its security principally to 
the reinforcement of the muscles around it. The glenoid ligninent 
(labrurn glenoidale), which consists of a strong ring of dense fibrous 
tissue, serves to deepen the joint and probably increases its stability. 

The usual traumatic dislocation occurs by indirect violence and the 
head of the humerus escapes through a rupture of the antero-inferior 
part of the capsule between the tendons of the subscapularis and the 
triceps. When reduc;ed, sound healing of the capsule cxicurs and 
recurrence of dislocation is very unusual. The recurring type of 
dislocation follows a different kind of injury—an impact from the 
head of the humerus on the antero-inferior part of the glenoid ligament 
resulting usually from a fall on the back of the shoulder or on the elbow 
when the arm is moderately extended. Athletes and epileptics are very 
commonly the victims of such severe injury. Recurrence of the dis¬ 
location, which may occur from very slight violence, is due to shearing 
off of the glenoid ligament and its failure to reattach itself. 

Recurrent dislocation of the temporo-mandibular joint is a relatively 
rare condition ; it may be unilateral or bilateral. The tendency to 
repeated dislocation has its origin in a former acute dislocation which 
has produced stretching or rupture of the ligaments and muscles of 
the joint, and especially the external pterygoid muscle. In some 
instances the meniscus is unduly lax or is torn, and this predisposes to 
redislocation. 
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CHAPTER X 


DISEASES OF MUSCLES. TENDON SHEATHS 

AND BURS^ 

CONTRACTURE OF MUSCLES 

Contracture of muscles is a frequent accoinpaniiucnt and soincliincs 
a cause of deformities. The shortening may result from any of the 
following causes : (1) prenatal lesions of muscle, causing congenital 
deformity ; (2) prolonged approximation of the pcjints of attachment of 
the muscles, for example, in old dislocations, or after fixation in positions 
of flexion ; (3) weakness or paralysis of op|)osijig muscle gmups, for 
example, in poliomyelitis, or after peripheral nerve injury; (4) disease 
in the related joint, especially rheumatoid arthritis and gonococcal 
arthritis ; (5) disease or injury of muscles, with subsecpient fibrosis and 
contracture, such as follows fracture or osteomyelitis. 

The character of the deformity depends upon the nature and extent 
of the underlying lesion. Sometimes, especially when resulting from 
nerve injuries, the deformity is very characteristic, for example, the 
main en griffe ” of ulnar nerve paralysis and tlie drop foot following 
paralysis of its extensor and evertor muscles. 

Three special types of muscular contracture—prenatal muscular 
dystrophy, torticollis, and Volkmann’s ischaemic contracture—require 
special mention. 


PRENATAL MUSCULAR DYSTROPHY 

Many congenital skeletal deformities, such as congenital high scapula, 
bilateral club-hand and club-foot (arthrogryposis multiplex congenita), 
congenital genu recurvatum and congenital angulation of the tibia, are 
now believed to result from muscular dystrophy developing fairly late 
in intra-uterine life. Recent histological researches in these and other 
conditions afford suggestive evidence that the underlying defect is 
some variety of prenatal myodysplasia, in which developing muscles 
either fail to reach full structural maturity, or, if fully developed, tend 
to degenerate because they are unable to maintain themselves in a state 
of high differentiation. No lesion of the peripheral nerves has been 
discovered. 

Congenital high scapula is associated with absence of the lower 
part of the trapezius, and the upper part together with the rhomboid 
muscles is the seat of fibrous infiltration. In addition, there is usually 
evidence of a widespread disturbance of development of the mesodermic 
structures of the neck, in the form of congenital kyphosis, crania- or 
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spina-bifida, and iiftegular segmentation of the cervical part of the 
vertebral column. Probably, as has been suggested by Middleton, the 
high position of the scapula and its failure to descend are due not so 
much to muscular anomaly as to irregularity of development of the 
mesoblastic components of the cervico-dorsal segment of the trunk 
and the upper limb buds. The muscles of the shoulder girdle merely 
share in the disturbance of development. 

Arthrogryposis multiplex congenita is a rare congenital deformity in 
which there is bilateral clubbing of the hands and/or of the feet. The 
muscles of the limbs are wasted and as a result there may be considerable 
limitation of movement of the joints. When the lower extremity is 
affected congenital dislocation of the hip joint is frequently present 
and is of such a type that reduction is more than usually difficult or 
impossible. 

The counterpart of arthrogryposis has been observed frequently in 
lambs, and is regarded as a simple autosomal recessive. In the human 
subject hereditary factors appear to be absent. The microscopic 
appearance of the affected muscles is the same in man and animals 
and consists of fibro-fatty degeneration, similar to that observed in the 
muscular dystrophies of later life. Apparently, the muscle degeneration 
occurs late in intra-uterine life and affects muscle fibres which are 
already fully differentiated. Once started the degeneration progresses 
rapidly but ceases at birth. 

From the surgical standpoint, it is worthy of note that the club foot 
differs from the more familiar congenital talipes in that there is absence 
of muscular power and a greater difficulty in effecting reduction, but 
after correction there is less tendency to recurrence of deformity. 

Congenital genu recurvatum (congenital dislocation of the knee) may 
be unilateral or bilateral; it is frequently associated with other mal- 
developments such as club foot and congenital dislocation of the hip. 
The knee joint is fixed in hyperextension, which can be increased 
slightly by manipulation ; but flexion is restrained by the clastic; 
ivsistanee of the stretched hamstring muscles. Anteriorly the plane of 
the joint is marked by transverse creases in the skin : posteriorly the 
prominence of the femoral condyles may be detected. The patella is 
usually undeveloped or may be absent. The cause of the deformity is 
contracture of the quadriceps muscle, the result of antenatal fibro-fatty 
degeneration. 

Congenital angulation of the tibia is characterised by anterior kyphotic 
angulation of the tibia at the junction of its middle and distal third 
and is associated with extreme and fixed talipes equinus. The limb as 
a whole is short, particularly the part below the knee. Other abnor¬ 
malities of development frequently co-exist. 

Although there are no demonstrable microscopic changes in the 
call muscles, it is thought that the deformity results from failure of 
the final stages of muscular development, beenuse the finer degrees 
of muscle dystrophy, short of disintegration, cannot be identified. 

The contraction of the affected muscles leads to bending and angula¬ 
tion of the cartilaginous tibia. 
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CONGENITAL TORTICOLUS (Wry-neck) 

Congenital torticollis results from fibrosis and consequent contracture 
of the sterno-mastoid muscle. Both stemsJ and clavicular heads of the 
stemo-mastoid are affected, and in well-developed cases they stand 
out as tight bands. The shortening leads to restriction of growth of 
all the other soft tissues in the affected part of the neck, including 
the deep fascia, the sheath of the great vessels, and the scalene 
muscles. 

The contracture causes limitation of the movements of rotation 
and elevation of the head, and the head is flexed, bent towards the 
affected side, and rotated towards the opposite side. In many cases 
there is asymmetry of the face and skull; on the affected side the face 
is small, and the frontal tuberosity is flat; on the opposite side the 
occipital bone bulges. Owing to excessive shortness of the fibrosed 
muscle the mastoid j)rocess on the affected side is abnormally large, 
and an exostosis may develop at its clavicular attachment. Thoracico- 
ccrvical scoliosis often develops. 

No one explanation accounts for the origin of congenital torticollis. 
In some the deformity is present at birth and must be attributed to 
developmental aplasia of the affected cerv'ical segments—the usual 
cause. In others the deformity becomes apparent only when the child 
is a few years old, when the contracting muscle begins to exert a pull 
on the growing neck. Such cases develop most often in children after 
difficult labour, especially after a breech delivery and it is assumed 
that generally the contracture represents the end-result of a so-called 
“ sterno-mastoid tumour,” a firm, spindle-shaped swelling of the lower 
half of the sterno-mastoid which sometimes becomes evitlent a week or 
two after birth. The “ tumour ” consists of young fibrous tissue and 
degenerating muscle fibres. The swelling usually disappears gradually 
owing to the shrinking of the young fibrous tissue, and the deformity 
may pass unrecognized until later years. 

The mechanism underlying traumatic muscular contracture has 
been very fully investigated. The “ sterno-mastoid tumour ” has been 
attributed to rupture of the muscle during birth or to isclia^mia from 
arterial occlusion, but the investigations of Brooks, repeated and con¬ 
firmed by Middleton, have suggested that an important factor is 
obstruction of the venous return from the muscle. Brooks was able to 
reproduce the condition experimentally in animals, and found that 
ligature of the artery to a muscle, or of the artery and vein together, 
produced atrophy but no other changes ; whereas, ligature of the veins 
alone produced the characteristic features of the “ sterno-mastoid 
tumour.” The condition appears to be a hsemorrhagic infarction with 
fibrous tissue replacement and finally contracture. Since the venous 
return from the sterno-mastoid muscle is arranged on a segmental plan, 
injury to one set of vessels cannot be compensated by other vessels; 
and it is‘Concluded that both the “ tumour ” and torticollis could follow 
either rupture or thrombosis of these veins during birth. 
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VOLKMANN*S ISCHiSMlC CONTRACTURE 

This stubborn form of contracture generally affects the flexor 
muscles of the hand and forearm and causes considerable deformity 
and disability. Less often (see below) it affects the muscles of the 
calf and foot. It is an occasional (and sometimes unavoidable) com¬ 
plication of fractures and dislocations in the region of the elbow, less 
often of more distal fractures. It is commonest between the ages of 
five and fifteen years, the period when these fractures are most often 
sustained. In rare instances the contracture has developed after 
injury to the soft tissues of the arm, the prolonged application of a 
tourniquet, and embolism of the brachial artery. 

At the onset of the contracture, which may be evident a few hours 
after the injury, there is usually burning pain in the hand and forearm 
and great agony follows attempts to extend the fingers. Swelling and 
blueness (rarely pallor) of the fingers are of special significance. The 
radial pulse is much reduced in volume or imperceptible. When the 
contracture is fully developed the wrist is flexed, the fingers are extended 
at the metacarpo-phalangeal joints and flexed at the interphalangeal 
joints. Since the tendons Jire free from adhesions the fingers can be 
straightened after flexing the wrist. The general nutrition of the limb 
is often impaired, and the hand is cold and blue. 

In established cases the appearance of the affected muscles is quite 
characteristic. They are indurated and surrounded by a dense fibrous 
sheath, and the muscle substance is replaced by a yellowish-green 
homogenous substance which cuts with difficulty. The outstanding 
microscopic change is an irregularly distributed mass-necrosis of muscle 
fibres with fibrous proliferation around the dead muscle bundles. In 
places groups of fibres siirvive and may show hypertrophy. 

Volkmann’s contracture is now known to be due to interference 
with the arterial blood supply to the muscles. In some cases the 
brachial artery is eomiucssed directly by a displaced fragment of bone 
or by external pressure from splints or bandages. In other cases the 
artery or its branches are obliterated by spasm secondary to the trauma. 
Yet again they may be compressed by a humatoma confined beneath 
the deep fascia. 

Recently it lias been shown tliat a similar contracture may affect 
the muscles of the calf and foot. If the site of vascular occlusion is 
the popliteal artery (the result, for example, of pressure by a tight 
plaster case) all the muscles are involved. More often, a single group 
of muscles or even a single muscle belly is affected as a result of a less 
extensive ischsemia due to the pressure of a fisematoma. 

Volkmami’s contracture is often accompanied by motor and sensory 
paralysis and was formerly ascribed to nerve injury. It is now clear, 
however, that while they have a common cause the muscle lesion and 
the nerve lesion may occur separately and are distinct. The paralysis 
is due to damage to the main nerve trunks by ischsemia or 
compression, and eventually it may pass off, whereas the muscle damage 
is permanent. 
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RUPTURE OF MUSCLES AND TENDONS 

Despite the severe strains to whieli muscles may be subjected, 
rupture is not a common injury. Subcutaneous rupture is commonest 
in adults or elderly subjects following unexpected violent contraction, 
(sometimes by the opposing group of muscles). Diminished tone or 
hyaline degeneration, such as may follow a debilitating illness, is some¬ 
times a predisposing factor. The muscle usually ruptures where its 
fibres converge on tendinous prolongation, but the tear may affect 
the belly of the muscle or the tendon itself. 

The gap created by rupture of a muscle is first filled by blood, then 
fibrin is deposited, and later granulation tissue bridges the space. 
Replacement by scar tissue finally occurs, but there is never union of 
muscle to muscle or regeneration of its fibres, however accurate apposi¬ 
tion may have been. The ultimate function of the muscle so far as 
power and motion are concerned, is likely to be normal provided scar 
tissue does not bind it to adjacent fixed strucstures, such as fascia and 
bone. In some situations the fibrous tissue at the site of repair may 
become attenuated and, in the abdominal wall, may predispose to 
hernia. 

Severance of a tendon is followed by separation of its ends, and the 
degree of retraction depends on the position of the part and the state of 
contraction of the related muscle at the time of the rupture. The 
process of repair is on the same lines as in muscle by fibrous tissue 
replacement of the intervening blood clot and fluid exudate. Provided 
the gap is not excessive, and adhesion of the tendon to adjacent 
structures can be overcome, the natural process of fibrous contraction 
effects a secure approximation. 

The commonest sites for rupture of muscles (or tendons) are—the 
rectus femoris, or one or all components of the quadriceps, the tendo- 
calcaneus, the tendons or muscle bodies t)f the biceps brachii, and the 
extensor tendons of the thumb and fingers, especially the index and 
ring. In rare circumstances the rectus abdominis muscle undergoes 
rupture, especially below the umbilicus, where its posterior sheath is 
deficient. Sometimes there is a coincident rupture of the deep epigastric 
vessels and a diffuse hamatoma develops. Sometimes the rupture has 
been caused by direct violence; usually, however, it follows slight 
exertion, especially in subjects debilitated from such illnesses as typhoid, 
influenza and pneumonia. It has been observed during pregnancy and 
parliurition and following the muscle cramps of tetanus. The practical 
importance of the condition is that it simulates intra-abdominal disease 
such as appendicitis, cholecystitis and strangulated hernia. 

OSSIFICATION IN MUSCLES AND TENDONS 

Ossification in relation to muscles is usually the outcome of injury, 
either contusion, fracture, or dislocation. The resulting mass of bone 
is usually known as traumatic osteoma, a designation which justifiably 
replaces the older term traumatic myositis ossificans. 

Localized ossification is common in the muscles and tendons of those 
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subject to osteo-arthritis. The bone is usually in the form of spikes, 
sometimes known as false exostoses, W'hich are often continuous with 
the roughnesses to which the muscles secure attachment. Similar 
bone formation may occur in association with neuropathic arthritis, 
particularly of the knee. 

Traumatic Osteoma. A traumatic osteoma resulting from a simple 
contusion and unassociated with a fracture has been observed most 
often in connexion with the quadriceps fermoris following a severe blow. 
The bone develops in a haematoma and is not usually apparent for 
live to eight weeks after injury; it is not in the muscle fibres, but 
between them, or in the inter-muscular planes. If a radiogram of a 
limb is taken some weeks after a severe contusion it may be noted that, 
even in the absence of fracture, the bones for a distance from the point 

of injury show slight rarefaction. It is probable 



Fio. 104. Traumatic 
osteoma. 


{Jduteum of Royal College of 
Surgeons of Edinburgh.) 


that injury to the j)eriosteum releases lime salts 
for ossification to occur in the organizing haeina- 
toma {see p. 115). 

Intermittent and unaccustomed strain may 
lead to ossification in the affected muscles or 
tendons. A familiar example is the keel-shaj)ed 
f)late of bone that grows from the linca aspera 
between the tendons of the adductor longiis and 
brevis in cavalry recruits unaccustomed to 
horsemanship. 

Traumatic osteoma associated with frac¬ 
tures and dislocations has been observed most 
often in relation to the femur or the humerus, 
and at the elbow joint. The principles under¬ 
lying the new bone formation are the same as 
those mentioned above. At the elbow joint 
the ossification occurs between the brachialis 
muscle and the shaft of the humerus, and its 
occurrence has sometimes been observed after 
forcible manipulation of a stiff joint; the new 
bone may lead to considerable limitation of 
movement, but it tends to disappear provided 
movement is restricted for sufficient time. If 
the osteoma persists it may give rise to disability 
by limiting the movement of the muscles, or by 
impeding the excursion of a neighbouring joint. 

Myositis Ossificans Progressiva. Infiltration 
of muscles by bone is seen on an extensive 


scale in myositis ossificans progressiva—a rare disease in which large 
deposits of lime salts and bone develop in relation to muscles, aponeu¬ 
roses, ligaments, and fasciae. It affects young male subjects, seldom 
women. Its aetiology is not known. 

The muscles affected in the early stages are those of the back and 
neck, especially the latissimus, trapezius, and rhomboids. At the 
onset of the disease there are attacks of stiffness, swelling, and tender¬ 


ness in the affected muscles, which become firm and doughy. 
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Prior to bone formation there is hyperplasia of the intramuscular 
fibrous tissue and deposition of lime salts between the muscle fibres and 
in the intermuscular planes. The bone is of a spongy texture and is 
often disposed in large sheets or plaques in the long axis of the muscles. 
In addition, there may be large osseous projections from the vertebral 
spines, the ilia, and the scapula;. None of the bony masses lies free and 
unattached to the skeleton. 

As ossification progresses, movements of the back and limbs become 
greatly impaired. The ribs become fixed, and respiration is solely by 
the diaphragm. Death is due usually to pulmonary infection. 

A frequent and striking coincidence in the recorded cases is con¬ 
genital hallux valgus caused by imperfect development of the phalanges. 
A similar deformity of the thumbs is usually present. 

« 

TUMOURS IN MUSCLES 

Tumours in muscles are uncommon, and most of them arise from 
the muscle sheath or the intermuscular fibrous tissue. I'he commonest 
varieties of simple tumour are lipoma, hwmangiomu, and fibroma. 
Sarcoma may occur, but is rare. 

A lipoma may arise in the muscles of the shoulder girdk; or of the 
thigh. In other situations it is rare. The tumour is soft when the 
muscle is relaxed, but becomes firm and hard during contraction. 
Difficulty in diagnosis of an intermuscular lipoma may be considerable 
when it is situated beneath a firm aponeurosis. 

A haemangioma is a very rare tumour in muscles. It occurs gener¬ 
ally in young subjects, and is probably congenital. The tumour is of 
the cavernous type, and is localized usually in one part of the affected 
muscle, but occasionally the tumour is diffuse. 

A muscle hiemangioma is usually soft and compressible, unless 
thrombosis has occurred within it. When the tumour is pulsatile it may 
resemble a rapidly growing sarcoma. 

Fibroma. The only muscle fibroma of importance is that which 
grows in the abdominal wall. The tumour is of special pathological 
interest because it has the microscopic characters of a simple tumour, 
yet it has no capsule, and tends to infiltrate widely, and to recur after 
removal. 

The tumour has been found most often in women following rupture 
of muscle fibres during parturition, but it may occur as a congenital 
abnormality in infancy. It is fairly certain that its origin is related 
to trauma, because in fully 80% of cases it has been found in parous 
women, and in other instances a history is forthcoming of a blow on the 
abdominal wall. 

When small the tumour is pinkish-white in colour, and is so hard 
that it creaks when cut. ‘ Its cut sxirface has a tendon-like appearance, 
hence the old term “desmoid tumour.” When large the tumour is 
softer, and it may show mucoid degeneration. On microscopic examina¬ 
tion the tumour has the appearance of a fairly cellular fibroma with 
cells arranged in bundles or whorls. The stroma is scanty and the 
blood vessels are small but well formed. A characteristic feature is its 
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content of muscle fibres, which may be striated and of healthy 

appearance, or unstri- 
ated and with appear¬ 
ances of degeneration. 
The muscle fibres are 
probably not an integral 
part of the tumour, but, 
according to Stewart 
and Mouat, are merely 
isolated and degenerat¬ 
ing portions of the in¬ 
filtrated muscles of the 
abdominal wall. 

The point of origin 
and the mode of spread 
of the tumour are fairly 
constant. Most often 
it begins in the lower 
part of the rectus abdo¬ 
minis muscle, less often 
in the upper part, and 
very seldom in the ex¬ 
ternal oblique or trans- 
versus abdominis. The 
actual site of origin is 

either the muscle sheath or the fibrous tissue between the muscle 
bundles. As the tumour has no capsule, it has the appearance of infil¬ 
trating the muscle substance. On account of the resistance of the 
rectus sheath the tumour tends to become elojigated and assumes a 
flattened, ovoid shape; its growth is slow, but it may become as 
much as 25 to 80 cm. in length. For long it remains within the rectus 
sheath, but it may finally extend to the subcutaneous tissues, or it 
may adhere to the peritoneum. In the advanced stages it may 
become adherent to the pubic bones and to the skin. It does not 
form metastases. 

The infiltrating character of the tumour and its tendency to involve 
the peritoneum may render a very extensive operation necessary for its 
removal, and recurrence is common unless a very radical extirpation is 
carried out. 


"Vi.;;,/ 


Fio. ms. Fibroma (desmoid tumour) of the rectus 
sheath. The tumour is very cellular, and has 
infiltrated between the fibres of the muscle. 

(JUuteum of Hoi/al College of Surgeons, Bdinburgh.) 


TENOSYNOVmS 

Tendon sheaths have the same structure as the synovial membranes 
of joints and are affected by the same diseases. They are liable to 
become inflamed (tenosynovitis) as a result of injury, and to become 
infected by pyogenic organisms, gonococci, and tubercle bacillt 

Well-developed tendon sheaths are found only at the wrist, in the 
fingers, and at the ankle joint; and these, therefore, are the usual 
situations of tenosynovitis. 

Traunuitlc Tenosynovitis. Traumatic tenosynovitis (tenosynovitis 
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crepitans) sometimes follows a severe strain or excessive use of a 
particular group of tendons. As only a small number of people who 
submit their tendons to undue strain develop tenosynovitis, it may be 
presumed that some constitutional factor must be superadded. 

In this variety of tenosynovitis the opposed surfaces of the tendon 
sheath arc covered with fibrinous lymph which imparts a crepitant 
sensation when,the tendons move. It may be accompanied by consider¬ 
able subcutaneous oedema. There may be an effusion of rusty fluid 
into the sheath, but it is rarely large in amount. The tendons most 
often affected are the extensors of the fingers and those of the toes. 

Infective Tenosynovitis. Infective tenosynovitis may be of two 
varieties : (1) acute, and (2) chronic. 

(1) Acute tenosynovitis may be toxic in origin or due to pyogenic 
organisms from a septic lesion in the proximity of one of the large tendon 
sheaths, or to gonococci carried in the blood. 

Pyogenic or suppurative tenosynovitis (thecal whitlow) is seen in 
characteristic form in association with septic infections of the hand. 
The infection is usually due to streptococci, less often staphylococci. 
The sheaths of the flexor tendons of the lingers and of the wrist are 
more often affected than those of the extensor tendons. Infection 
may arise in any of several ways : not infrequently infection of the 
sheath follows directly from a prick on the volar surface of the finger, 
especially at the proximal intcrphalangeal crease where the sheath is 
most superficial. In other instances infection is carried by the lymph 
vessels from an adjacent cellulitis, or it is conveyed from a subcutaneous 
whitlow either by natural extension or as a result of a careless incision. 

When the tendon sheaths of the little finger or the thumb are 
affected, extension to the common flexor sheath is apt to occur owing 
to their direct communication with it. In the case of the other fingers 
such extension is uncommon, for after pus has burst through the proximal 
end of the sheath, it passes into tlie middle palmar space or to the thenar 
space rather than to the common flexor sheath. 

When a tendon sheath is infected it becomes hypera;mic and 
thickened, its inner surface covered with purulent lymph and the 
sheath <listended with pus. If the pus is not evacuated, the tendons, 
deprived of their blood supply, may slough, and infection may extend 
to the adjacent bones and joints. The formation of fibrous adhesions 
usually gives rise to permanent contracture of the fingers. 

Gonococcal tenosynovitis may occur as a complication of gonorrhoea 
in either sex. It may begin at any stage of the infection, but is 
commonest about the second to the third week of the disease. It has 
been known to occur in infancy as a result of gonococcal ophthalmia. 

Gonococcal tenosynovitis usually occurs simultaneously with 
infections of the joints. The tendon sheaths at the wrist and ankle 
are those most often affected, the extensors more often than the flexors. 

In the acute stage of the tenosynovitis, gonococci can often be 
demonstrated in the fluid, obtained by puncture of the sheath. 

The severity of the tenosynovitis varies. In mild cases there is an 
effusion of serous fluid into the affected sheath, associated with pain and 
impainnent of movement. In more severe cases there are cronsiderable 
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redness of the skin and oedema of the subcutaneous tissues. Only rarely 
doeajuppuration occur, and if it does the tendons do not tend to slough 
as in other pyogenic varieties of tenosynovitis. After gonococcal 
tenosynovitis adhesions may form in the tendon sheath and lead to 
stiffness. 

(2) Chronic tenosynovitis, if non-traumatic, is generally tuberculous. 
The commonest site is the large flexor sheath at the wrist; less often 
the sheaths of the extensor and peroneal tendons at the ankle joint are 
involved. The disease affects young adults and is frt‘(jucntly the only 
manifestation of active tuberculosis (compound palmar ganglion). 

The pathological features are observed in most characteristic form 
at the common flexor sheath at the wrist. Sometimes the extensor and 
the digital sheaths are affected in addition or independently. The 
disease may present itself in various forms which are probably accounted 
for by variations in its duration and by varying local and general 
resistance. In its simplest and early form a serous exudate is present; 
later, granulation tissue and “ rice bodies ” appear; and, finally, in 
the severer forms extensive caseation may occur. 

When inspected at operation the deep fascia is found to be tense and 
the underlying sheath is no longer white and glistening but yellowish- 
grey, greyish-red or purple. It is distended with straw-coloured fluid, 
and the tendons may be thickened and matted together by vascular 
granulation tissue which renders them dull and lustreless. At a later 
stage, there may be loculation of the fluid or the sheath may be partially 
obliterated by fibrous tissue or by “ rice bodies.” In advanced cases 
the fluid is replaced by caseous or gelatinous material. At first the 
tendons, though thickened as a result of proliferation of their visceral 
sheaths, arc healthy ; but in severer cases there may be destruction of 
a single tendon or groups of tendons. The median nerve, which is 
intimately related to the common flexor sheath, is often swollen as a 
result of a*dema of its sheath, but its fibres are not affected. 

The progress of the disease is very variable ; in some cases fibrous 
tissue formation may limit the disease, in others it may assume a chronic 
hypertrophic form. Sometimes extensive caseation may lead to per¬ 
foration of the sheath and the development of a cold abscess. 

Tuberculous tenosynovitis at the wrist leads to stiffness and weak¬ 
ness of the fingers. Pain of a burning character in the distribution of 
the median nerve is sometimes present. 

Tenosynovitis, when uncomplicated by osseous disease or active 
lesions elsewhere, is treated most suitably by excision of the diseased 
tissue, and the degree of recovery depends on the extent to which 
there may have been destruction of tendons. 

Tumours of Tendon Sheaths. Tumours of tendon sheaths are rare. 
One ot the best known is a simple giant-cell tumour which grows from 
the inner aspect of the sheath. It has been found most often in the 
fingers, at the wrist, or connected with the tendo calcaneus. The 
tumour, which is yellow or red in colour, grows very slowly, and is 
rarely larger than a cheny. It is oicapsul^ and is lobulated in 
structure. Malignancy of the tumour has not been reported. 

Microscopically, such tumours are of variable structure : some are 
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composed of spindle-shaped cells alone, others oontoiii “ foamy ’* dells 
like the cells of a xanthoma, and others giant cells of foreign body^pe. 
A characteristic feature in many of the tumours is the presence of slit¬ 
like “ synovial spaces,” which are lined with flattened connective tissue 
cells. 

Other tumours of tendon sheaths include chondroma, myxochon¬ 
droma, fibroma, and, very rarely, sarcoma. 

DISEASES OF BURSAE 

Bursa: minimise friction, and are usually found where tendons pass 
over bony surfaces or where the superficial hiscia and skin cover a bony 
prominence. In structui-e bursae resemble the synovial capsules of 
joints and tendon sheaths, of which in some situations bursie are merely 
prolongations. At sites where the skin and subcutaneous tissue are 
exposed to intermittent friction, abnormal bursae may develop. Such 
bursae are known as adventitious bursa;, and their development is often 
due to repeated trauma incident to particular occupations. Similarly, 
adventitious bursae may develop in relation to deformities of the 
skeleton, especially where bony prominences are exposed to abnormal 
intermittent pressure ; familiar examples of such bursae are those over 
the head of the first metatarsal in hallux valgus (bunion), those over 
the tarsus in club foot, and those over the end of the bone in amputation 
stumps. 

Bursae are liable to many of the same forms of disease as joints 
and tendon sheaths, and when a bursa is in communication with a 
joint it participates in any pathological condition that involves the 
joint. 

Traumatic bursitis usually results from excessive friction and 
pressure, and occurs most often in the superficial bursae; less often, 
the more deeply placed bursae such as the semi-membranosus bursa 
and the subacromial bursa are affected. Traumatic bursitis is char¬ 
acterized by an increase of serous fluid in the bursa and thickening 
of its lining membrane. The process may be an acute one, and is then 
attended by considerable pain and disability. More often, however, 
the process is chronic, and the bursa distends slowly with fluid (bursal 
hydrops). 

If the inflammation does not subside, or if it relapses frequently, 
the wails of the bursa may become very thick, and irregular adhesions, 
septa, or fringes may form in its interior, or concentric thickening may 
ensue, resulting in a fibrous swelling {see Fig. 106). Occasionally, 
loose bodies of the melon-seed variety may develop within it. 

The prepatellar bursa and the olecranon bursa are those most liable to 
injury, and various fanciful names have been assigned to the conditions 
according to the occupation which was suspected to produce it, for 
example, housemaid’s knee and student’s elbow. 

Suhacrornial bursitis may occur as an immediate or late sequel to 
injuries to the shoulder, such as a blow, a wrench or a dislocation. In 
the majority of cases the underlying lesion is an injui$, usually rupture, 
of the fibres of the tendem of the supraspinatus muiible. The rupture 
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usually takes place close to the greater tuberosity, and the subsequent 
retraction of the tendon (it may be for as much as 2^ inches) enlarges 
the gap and establishes a communication between the shoulder joint 
and the bursa. Probably smaller tears of the tendon, which involve 
only a few fibres, are quite common, and the intratendinous calcification 
which frequently follows may give rise to the features of traumatic 
suberomial bursitis. 

Acute infective bursitis frequently follows abrasions and wounds, 
and, as superficial bursat arc structurally related to the lymph vascular 




Fir.. 100. llilutorul climnic prepatellar bursitis in a woman aged eighty- 
three ; above, eoncentric thickening due to proliferation of fibrous 
tissue ; behno, large swelling due to fibrous tissue overgrowth and 
gelatinous degeneration. 

system, it is not uncommon in cellulitis or lymphangitis. The pre¬ 
patellar and the olecranon bursae are most often affected. 

In suppurative bursitis the walls of the bursa become greatly 
thickened, the inner surface is destroyed, and the cavity is iilled with 
thick yellow or sanious pus. The resulting abscess may burst through 
the skin or track for a considerable distance in the subcutaneous tissue 
and lead to cellulitis. When healing occurs the bursa may be com¬ 
pletely obliterated by fibrosis. 

Gonococcal buzsitis is less common than gonococcal arthritis, which 
it resembles very closely in its pathological features. The bui«a 
most often affected is that at the insertion of the tendo calcaneus. 

Tuberculous bursitis is uncommon. It is most apt to -occur in 
bursae near large joints, such as the hip, shoulder and knee, and is then 
usually secondary to tuberculosis of these joints. Nevertheless the 
subacromial bursa, which does not normally communicate with any 



DISEASES OF BVRSM 


22 - 


joint, may be the seat of tuberculosis in the absence of disease in th( 
neighbouring bones or joint. Similarly, the ilio-psoas bursa, situatec 
between the psoas muscle and the capsule of the hip joint, may bi 
affected by tubercle, as may the various bursoe related to the glutea 
muscles. 

Other Diseases of Bursae. In gouty subjects chalk may be depositee 
in the walls of bursse. Calcareous deposits in the subacromial bursi 
or in the tendon of the supraspinatus muscle arc common and ar< 
usually the result of trauma. Involvement in syphilis is extremely rare 
The occurrence of a giant-cell tumour, fibroma, and myxoma ii 
bursa has also been reported. 

Ganglion. A ganglion is a cystic swelling which occurs in the 
neighbourhood of a joint or tendon sheath, especially at the wrist 
tinkle, and knee. In many instances it appears soon after a strain, it 
others there is no obvious cause. Ganglion is common in either sex, bu1 
more so in women than in men. Often it disappears spontaneously. 

The cyst is generally unilocular, is very thin walled, and contain? 
clear, jelly-like fluid. It may reach the size of a pigeon’s egg. The wal 
of the cyst is composed of fibrous tissue which adheres lightly to th( 
surrounding tissues. There is no endothelial lining. The mode ol 
origin of a ganglion is uncertain. It is generally stated that it arise? 
from a synovial sheath or a joint. Certainly at tlw* carpus it is usually 
possible to demonstrate a communication between the ganglion and 
the interior of the wrist or interearpal joints. Although the cyst may 
adhere to the tendon .sheaths, a communication with them is no! 
usually discovered. 

The most likely cause of ganglion formation is mucoid degeneration 
of injured capsular ligaments ; in some instances they may be extrusions 
of synovial membrane from nearby joints. 
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CHAPTER XI 

DISEASES OF BLOOD VESSELS 


PHLEBITIS (THROMBOPHLEBITIS) 

Acute phlebitis may occur as an ind^endent condition or in 
association with inflammatory lesions. It may arise in local or 
generalized affections or in the absence of any recognizable cause, and 
it may occur as an aseptic process or as a result of organisms of various 
degrees of virulence. In the more severe forms, suppuration occurs in 
and around the vessel wall and within the contained thrombus. 

For convenience, the following forms of phlebitis may be recognized : 
(1) Phlebitis due to trauma. (2) Phlebitis due to toxic -substances 
either present in the circulation or injected therapeutically. (3) Phlebitis 
due to infection from either a local or distant source. (4) Phlebitis of 
undetermined origin. 

(1) Phlebitis due to Trauma. Inflammatory change in the wall 
of a vein is a necessary accompaniment of any severe trauma, but 
unless complicated by -i^ection it almost invariably remains localized 
to the seat of injury. \Sometimes, especially in elderly subjects, a slight 
trauma may determinT the onset of extensive phlebitis, particularly 
in veins of the leg or thigh, and these vessels may then become throm¬ 
bosed, and, if superficial, may be obvious as firm, tender cords.y It 
seems likely that in such cases there is generally a second factor "such 
as a mild infection or pre-existing degenerative change in the vessel 
wall. It is commonest on the right side and in young subjects. 

In rare instances thrombosis may occur suddenly in the axillary vein 
following unusual muscular strain. The underlying cause would appear 
to be overstretching and contusion of the vessel between the claviele 
and the first rib and the costo-coracoid membrane and the subclavius 
muscle. 

(2) Phlebitis due to Toxic Substances. Phlebitis occurs not un¬ 
commonly in the course of chrQjjic disease characterized by grave 
ytoxsemia,/anaemia or/:achexia, and it may be presumed to result from 
the action of toxins upon the endothelial lining of the veins. It some¬ 
times ^velops in the splenic vein in the later stages of splenic anaemia.]) 
Phlebitis may result also from the action of theraggu tic substances 
inject^ Jntravenously, especially if the drug is injected rapidly or in 
too "concentrated solution.i;__The production of aseptic phlebitis is the 
aim of the injection treatment of varicose veins and of haemorrhoidsp 

(8) Phidbitis due to Infection. Veins are necessarily involved' to 
some extent in all inflammatory conditions of the tissues they traverse, 
and since the veins have thin walls and a sluggish blood flow, they are 
much more liable to infection than arteries. In mos t case s infection is 
preceded by thrombosis and by reactive .proliferatipn^of en^thdUum 
and young fibrous tissue in the vessel wall, which pmvent access of 

286 



PHLEBITIS 


229 


organisms to the blood stream ; but if the infection is rapid and virulent 
the newly formed blood clot in the lumen may suppurate, soften, and 
form emboli, which may give rise to grave and often fatal pyaemia. 

Suppurative phlebitis most frequently invoh’es the lateral mtra- 
cranial sinus, as a result of infection from the middle car {see p.^3). 
The facial and orbital veins may be infected from septic processes on the 
lips and cheejk, the uterine veins may be infected from endometritis 
{see p. 680), the portal vein and its branches from appendicitis {see 
p. 547). 

Another form of infective phlebitis occurs during or subsequent to 
acute infections such as pneumonia or typhoid fever. The phlebitis 
most commonly affects the deep veins of the left lower extremity. It 
may give rise to a severe and prolonged constitutional reaction but 
suppuration rarely follows, and embolism does not commonly occur. 

(4) Phlebitis of Undetermined Origin. Not infrequently phlebitis 
occurs in otherwise healthy subjects without obvious cause. It is 
especially apt to affect elderly persons, and occurs usually in varicose 
veins or in situations where the blood is apt to stagnate. For this 
reason the lower limbs are commonly affected. It seems probable that 
in these cases phlebitis arises upon a basis of several contributory 
causes, including stagnation of the blood, disease of the vessel wall, 
trauma and mild infection. 

Posi-opercUive Phlebitis. This is a most important form of the 
disease. It may follow any type of operation, but is especially common 
after operations upon the abdomen or pelvis. It is most frequent in 
of^ persons, but is by no means unknown in young and healthy 
subjects. Phlebitis of a similar type may occur after childbirth. 
In the great majority of cases the phlebitis occur^ither in the immediate 
neighboimhood of the operation wound ot in the veins of the lower 
extremity, and in the latter case the left side is affected three times 
more commonly than the right. This incidence on the left side is to be 
explained by the fact that the left common iliac vein is crossed near its 
termination by the origin of the right common iliac artery, and is 
thereby constricted, with consequent slight stasis of the blood. 

Post-operative phlebitis may be limited to the small superficial 
veins of the calf, it may affect the greater part of the saphenous system, 
or it may extend to the principal deep veins of the limb. Not un¬ 
commonly it involves the pelvic veins and the left iliac vein as far as 
the crossing of the right common iliac artery. If extensive, the phlebitis 
leads to oe dem a and swelling of the limb, with blueness or pallor of 
the skin (phlegmasia alba dolens). Since venous obstruction alone i. 
gives rise to no oedema (at least in young active subjects), it is presumed | 
that in such cases periphlebitis has led to infianunation and obstruction <' 
of the lymph channels too. 

The great danger of the condition lies in the liability of thb clot to 
soften, s£A the consequent occurrence of pulmona^ embolism {see 
p. 887). It is noteworthy that this complication seems much moK apt 
to ^kup ervene uppn a small unnoticed phl^tis of a deep-seated vein than 
upon a widespread phlebitis in which the whole limb is swollen, probably 
b^ause the latter condition precludes movmient. . 
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The cause of post-operative phlebitis is not clearly understood, but 
it seems probable that there are several contributory factors. The 
most clearly defined of these factors are (1) stagnation of the blood 
resulting from a constrained^position during the operation or from 
reduction of the Jslood pressure auring or after operation; (2) the presence 
in the blood stream of tissue products set free at the wound or by 
traumatization of muscles ; (3) the occurrence of mild infection. 

ANEURYSM 

An aneurysm has been defined as “ a space or sac formed by the 
widening or extension of the lumen of an artery, and thus containing 
blood or clot.” It is customary to recognize true aneurysms, resultuig 
from disease and bounded by the slretched-out coats of the arterial 
wall, and false or traumatic aneurysms, resulting from puncture or 
rupture of the artery, and bounded only by condensed fibrous tissue 
derived from adjacent structures. There is, however, no essential 
difference in the morbid anatomy of the two forms, for in true aneurysms 
of any considerable size the sac wall rarely contains any trace of the 
original coats of the artery. 

The predisposing cause of an aneurysm is weakening of the arterial 
wall, especially of its middle coat of muscle and elastic fibres, which 
stretches and eventually gives way under the pressure of the blood. 
High blood pressure is an important contributory cause, but is not a 
necessary one. The weakening of the arterial wall may result from 
developmental defects, disease or injury. Amongst diseases pre¬ 
disposing to aneurysm, syphilis stands foremost, because of its especial 
tendency to affect the middle arterial coat. Simple atheroma and 
arterio-sclerosis are of less importance. In some situations weakening 
of the media results from a cluonic peri-arterial infection, as, for 
example, in arteries traversing tuberculous cavities or large peptic 
ulcers. 

An aneurysm may be fusiform or saccular. In the saccular type 
the conuuunication between artery and aneurysm may be small at first, 
but as the sac increases in size the adjacent and opposite arterial wall 
expands so that eventually there is a large cavity in which the afferent 
and efferent limbs of the artery may be far apart. Branches of the artery 
become involved by the enlarging sac, and, separated from their parent 
trunk, lead directly from the aneurysm, so that finally the aneurysm 
communicates freely with a considerable number of vessels. For this 
reason there is a great liability to rccuiTence after proximal ligation of 
the main trunk alone. The interior of the aneurysm is rough and 
irregular, and on it consequently the blood tends to clot. When 
coagulation occurs intermittently, there is a formation of laminse of 
various ages, the older being pale and fibrous, the more recent red and 
jelly-like. 

Traumatic Aneurysm. Trauma may determine the onset of an 
aneurysm of a diseased artery, but the term “ traumatic aneurysm ” is 
restricted to those cases in which a healthy artery is affected. The 
trauma is usually from penetrating bullet wounds or stab wounds. 
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but occasionally from puncture by a spicule of fiactured bone. Trau¬ 
matic aneurysm is apt to follow lateral or traversing wounds of 
arteries, particularly when the wound is oblique and the entrance ^nd 
exit wounds small or valvular. It never follows complete severance of 
an artery, an injury which permits retraction of the muscular coat and 
closure of the arterial wound. The arteries of the neck and extremities 
are commonly affected, especially the carotid, axillary and femoral 
arteries. 

The extravasated blood at first forms a simple ha;matoma in the 
peri-arterial tissues, hut within a short time it becomes circumscribed 
and surrounded by fibrous tissue, which forms a recognizable sue, 
sometimes partly lined by endothelium derived from the arterial intima. 

In about half the cases, there is a coincident wound of the 
'accompanying vein, and this is followed immediately or subsequently 
by the establishment of a communication between the two vessels 
(arterio-venous aneurysm). Usually the artery and vein communicate 
directly or by means of a short wide channel (aneurysmal varix); less 
often the anastomosis is indirect, through an intcrvi'niug sac lying in 
the soft tissues (varicose aneurysm). Such an intervening sac is often 
of irregular shape and very tortuous, and, from the pressure of the blood 
within, it is apt to enlarge progressively. 

In the days of venesection arterio-venous aneurysms frequently 
occurred in the cubital fossa. Nowadays, they are usually due to 
bullet wounds, and consequently in Great Britain are very rare. 
Occasionally an arterio-venous aneurysm occurs in the intracranial 
portion of the internal carotid artery following fract ure of the base 
of the skull, and gives rise to the condition of ])ulsating exophthalmos 
{see p. 234). 

Arterio-venous aneurysms provide an interesting illustration of the 
adaptation of structure to function. There is a great increase in the 
blood flow through the artery proximal to the anastomosis, and a great 
decrease in the blood flow through the artery distal to it. Conse(£uently 
the proximal part of the artery dilates, the distal part becomes con¬ 
tracted. The vein, suddenly subjected to pressure greatly in excess 
of normal, becomes greatly dilated and tortuous, and since the pressure 
is not sustained but rhythmically alternating, the wall of the vein 
undergoes hypertrophy and often attains the thickness of an artery. 
Proximally, the dilatation may extend even as far as the vena cava and 
the heart (which is hypertrophied); distally, it is checked temporarily 
by any valve present in the vein, but later it renders the valve incom¬ 
petent and extends distally. If the fistulous communication is occluded 
temporarily the heart beat is notably slowed and the pulse pressure 
rises sharply (the so-called bradycardia phenomenon). 

Congenital Arterio-Venous Fistula. In rare instances, as a con¬ 
genital defect, there are communications, usually multiple, between 
arteries and veins. The vessels most commonly afilected are those of 
the extremities, the fingers, and the brain. Even the vessels within bone 
may be involved. 

Sometimes the defect is obvious at birth, but quite frequently the 
arteiio-venous communication is not established until adult life and 
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then often following a strain. The condition may lead to overgrowth 
of the part affected or the reverse ; or, when the communications are 
diffuse, to the impression of a rapidly growing tumour. When the 
limbs are affected gangrene develops in a large proportion of cases as 
a result of diversion of arterial blood vid the veins. 

Aneurysms at Special Sites 

Aneurysm of the Thoracic Aorta. This is by far the commonest 
example of aneurysm. It is of surgical interest principally from its 
pressure effects and from its tendency to mimic other intrathoracic 
lesions. I!r^ure upon the oesophagus may lead to dysphagia and 
mimicry of oesbphageal carcinoma. Pressure upon the,.bronchi may 
simulate bronchial carcinoma. Pressure upon either of these structures 
and upon nerves and .veins may lead to the suspicion of a mediastinal 
tumour, and the differential diagnosis, especially in the absence of a 
positive Wassermann reaction, may be very difficult. 

Aneurysm of the Abdominal Part of the Aorta. An aneurysm in 
this situation is of interest because it may simulate many forms of 
intra-abdominal disease. The aneurysm, commonest in w'omen, is 
situated usually in the upper part of the abdomen, and it is apt to extend 
to one side or the other in the perinephric tissues, causing pressure upon 
adjacent structures and leading to pain similar to the pain of renal or 
gastric disease. Sometimes such an aneurysm leaks into the smaller 
peritoneal sac, which becomes filled with blood clot and gives rise to a 
large immobile swelling. At the time of such leakage, or subsequently 
when the blood percolates through the epiploic foramen (foramen of 
Winslow) to reach the general cavity, the aneurysm may give rise to 
fatal intraperitoneal haemorrhage. 

Aneurysm of any part of the descending aorta may extend posteriorly 
and cause erosion of the vertebral bodies. It is an oft-quoted observa¬ 
tion that in these circumstances, although the bone is extensively 
destroyed the intervening fibro-cartilage remains almost intact. 

Aneurysm of the Popliteal Artery. This was formerly a common 
condition, but is now extremely rare. Syphilitic arteritis was the usual 
underlying cause. It occurred principally in postboys and others 
accustomed to much riding, and it has been suggested that the S-shaped 
bend of the artery caused by prolonged flexion of the leg on horse 
back, and pressure of heavy riding boots in the popliteal space, were 
aggravating factors. The surgical importance of the condition arises 
from the inadequacy of collateral circulation around the knee, and the 
consequent liability to gangrene of the extremity. 

Aneurysm of the Palmar Arteries. An aneurysm may develop in 
any of the component trunks of the superficial or deep palmar arches. 
A traversing wound may determine the development of the aneurysm, 
especially in the ulnar artery. In some cases the aneurysm follows 
a single severe blow on the palm of the hand; in others it results 
from repeated minor trauma, such as may be sustained in laborious 
manual occupations. Aneurysms of the palmar arteries are seldom 
larger than a pea, but, from pressure, they may give rise to consider¬ 
able pain. 
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Aneurysm of the Cerebral Arteries. At post>mortem examination in 
adults it is common to find small saccular aneurysms of the cerebral 
arteries. They are of developmental origin and are present most 
often in the component trunks of the circulus arteriosus, especially 
on the left side. In size they vary from a large pin’s he^ to a 
grape. They arise very constantly at the junction of the basal cerebfal 



Fio. 107. Aneurysms of the cerebral arteries. Three aneurjrsms are seen 
on the middle cerebral arteries and the anterior communicating artery 
respectively. Death resulted from hasmorrhoge fiom the anterior 
ancurysu^ 

(lilt txmrUtij o/ fVo/. J. W. S. Blaekhck.) 

arteries with their branches or with the internal carotid artery. The 
commonest sites are the junction of the posterior communicating 
branch with the internal carotid, the point of bifurcation of the carotid 
into anterior and middle cerebral arteries, and the point of origin of the 
first large branch of the middle cerebral artery in the lateral fissure. 
Less often an aneurysm may arise at the origin of the ophthalmic artery, 
or at the origin of the anterior communicating artery. The basilar and 
vertebral arteries are seldom affected. 

Aneurysms of the basal cerebral arteries occur in quite young subjects 
and even in childhood. Arteriosclerosis and syphilis take no part in 
their development. The adventitial and the muscular coat of the cerebral 
vessels are poorly developed, and local defects in the vessel walls are 
common, so that even with a normal blood pressure dilatation may 
occur. 

An aneurysm of one of the cerebral arteries may produce no effects, 
but rupture, leading to subarachnoid haemorrhage is relatively common. 
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Its occurrence in otherwise healthy subjects under thirty years is well 
known. Rupture may be fatal, but more often the extravasation is 
localized and is associated with severe frontal headache and an in¬ 
complete paralysis of the oculo-motor nerve. When the extravasation 
is more widespread the signs are those of cerebral haemorrhage, usually 
followed by cranial nerve palsies and focal cerebral signs. In a few 
instances an aneurysm may reach a large size and produce local pressure 
effects similar to those caused by an intracranial tumour. 

Aneurysm of the intracranial part of the carotid artery as it traverses 
the cavernous sinus is fairly common, especially in middle-aged women. 
It is usually of saccular tyj)e and most often involves the anterior 
extremity of the vessel. In rare cases the condition is bilateral. The 
usual causes of arterial degeneration do not contribute to the formation 
of an aneurysm at this site. 

The limitations of space within the cavernous sinus and the proximity 
of the nerve trunks which it harbours in its lateral wall, account for the 
somewhat dramatic onset of symptoms and the sequence of paralytic 
phenomena. The onset, more often abrupt than gradual, is attended 
by bursting neuralgic pain over one side of the head and in the eye, 
followed by a varying degree of ocular muscle paralysis. One or more 
of the branches of the semilunar ganglion—commonly the first and 
second—show pressure effects. The initial explosive effects are usually 
followed by a gradual subsidence, but significant pressure phenomena 
persist. In rare instances, when there has been stripping of the dura 
mater from the middle fossa, there may be paresis of the facial nerve 
or even pressure on the brain stem. In established cases there may be 
deformation of the surrounding bone, particularly of the sphenoidal 
boundaries of the orbital fissure, the optic foramen and the anterior 
clinoid process. Concentric rings of calcification within the aneurysm 
are sometimes present. 

Intracranial Arterio-venous Fistula of the internal carotid artery 
within the skull is due in most cases to injury, but it may arise spon¬ 
taneously from rupture of a simple aneurysm into the cavernous sinus. 

A large proportion of fractures of the base of the skull involve the 
body and the greater wing of the sphenoid, so that it is not surprising 
that the cai’otid artery, which is relatively fixed in the cavernous sinus, 
is sometimes injured. On rare occasions the artery has been injured 
directly by a traversing wound of the orbit. The wall of the artery 
may be tom at the time of the accident, or its coats may be so damaged 
that a communication with the sinus develops later. The nerves in 
the cavernous sinus may be damaged at the time of the accident or 
be submitted to pressure later. 

The objective features of an arterio-venous aneurysm resemble those 
of a simple aneurysm, but, in addition, it is characteristic that the 
orbital and palpebral veins become dilated and “ arterialized,” so that 
pulsation may be seen in them. The eyelids often become coarse, 
thick, and cyanotic. Pulsation and protrusion of the eyeball is often 
present— pulsating exophthalmos. The patient is usually conscious of a 
continuous bruit which is very disturbing, especially at night. There is 
usually a notable deterioration in general he^th. 
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A^rtOURS OF BLOOD VESSELS ; HiEMANGlOMA 

A liaem angioma is the commonest tumour of childhood. It is 
often present at buth or becomes evident soon afterwards, and is rare 
in adult life except in the form of minute lesions in the skin of the 
abdomen and thorax (de Morgan’s spots). The tumours are often 
multiple and vary in size from a tiny red or purple speck in the skin 
to a tumour which covers the whole face or a large part of a limb. The 
tumours most often involve the skin, but may be entirely subcutaneous. 
Less commonly they are found in the liver, the lung, or in the mucous 
membranes of the mouth, larynx or alimentary tract. Rarely they 
arise in the bladder or the renal pelvis and sometimes in the bones of 
the skull and the vertebra;. Angiomatous tissue is a common cojistituent 
cf teratoid tumours. 

The aitiology of ha-raangioma has aroused considerable dispute. 
The various stages in blood vessel development provide abundant 
opportunity for the production of anomalies, so that probably all types 
are not alike in their origin. Those met with in childhood are of con¬ 
genital origin and are believed to develop from angioblastic tissue that 
has not established its nonnal connexion with the circulatory channels. 
The blood corpuscles within the naevus must come from the general 
circulation ; though the tmnoiir does not have a close e.onnexion with 
vessels of the adjacent tissues, it has its own supporting vessels (evidenced 
by injection experiment). Others, such as the “ spider luevus,” are 
probably in many instances du<; to localized dilatation of capillaries 
and therefore have a connexion with the vascular system. The familiar 
vascular telangiectasis seen on Ihc legs or on the face is probably an 
exaggerated example of such a simple dilatation. 

Fraser classed haemangiomata into three histological types: 
(1) the capillary, (2) the compact, and (3) the cavernous. This classi¬ 
fication is preferable to the older ones which grouped the tumours 
either according to the position they occupied relative to the skin 
(cutaneous, subcutaneous, and mixed), or according to their colour 
(capillary, arterial, and venous). 

A capillary haemangioma may take any of several different forms. 
It is often present as a superficial blue or pink staining of the skin of the 
face—popularly known as a mother’s mark or port-wine stain. The 
affected area may be small, or it may involve almost the entire face. 
In the limbs or the trunk it may cover a wide surface or have a patchy 
or mottled distribution. In other instances, and especially in babies, the 
tumour appears as a bright red swelling slightly raised above the 
surface of the skin. The tumour is usually small and circular and looks 
like a raspberry, or it may have a linear outline. When the tumours 
are multiple they may roughly conform to the distribution of one of the 
cutaneous nerves. 

The “ spider nsevus ” or nsevus araneus appears as an aggregation of 
dilated and tortuous capillaries on the face or hands. This "type is 
probably not a true tumour but merely a dilation of some of the 
cutaneous arterioles. 

Microscopically, a capillary angioma is composed of a mesh-woi'k 
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of endotheliujni-lined, irregular channels of variable size containing a 
few degenerated led blood corpuscles. The endothelium is supported by 
a delicate retfculum of areolar tissue which contaitis fine blood vessels, 
but the blood vessels dip not npjnnally communicate with the endothelial 
spaces of the tumour. The epidermis over the tumour is thin and 
delicate, and may be pigmented. / 

A compact hsmangioma is believed to be(^erived from a c^illary 
hsemangioma whose cells have undergone massive proliferationTj It is 
usually situated in the subcutaneous tissues and is solid or partly cystic. 
The skin is often slightly" raised and thinned over fHe tumour, so that 
it presents a bluish tinge. The tunmur possesses a thin capsule, and on 
histological examination is found to consist of solid alveolar masses of 
round or cubical cells in which no trace of lumen is evident. 

A cavernous haemangioma' consists of a numljcr of blood spaces 
which intercommunicate. The spongy network of the tumour occu¬ 
pies not only the 
skin itself, but the 
subcutaneous or sub- 
mucous tissues, A 
primitive type of en¬ 
dothelium lines the 
vascular channels. 
The tumour is usually 
present at birth and 
has a dark red or 
purple colour and ir¬ 
regular surface; it is 
often present about 
the head and face, 
especially the lips and 
buccal cavity. During 
the early months oi‘ 
life it may extend and 
infiltrate rapidly, and 
ulceration of its surface 



Fig. 108. Capillaiy haemangioma of skin. Note the 
endothelium-linea spaces containing scanty degene¬ 
rate red blood corpuscles. 

(Laboratorif of Roy<U College of Phpeiciane of Edinburgh.) 


may lead to severe 
haemorrhage. 

cavernous haem¬ 


angioma may arise 

primarily in bones, especially those of tlie skull, which may , radio¬ 
graphically assume a honeycomb appearance.^ 

Usually a haemangioidh is an innocent tuprdur, and it is characteristic 
of it that it tends to retrogress. This change is often observed at the 
first dentition, at puberty, or after an acute illness. But there Bxe 
instancea in which a hsemangioma has assumed malignant character 
an4 given rise to metastases in the lungs, with death firom hsemor- 


ansemia. 

The surgical treatment of a large hsemangioma-may present great 
difficulties, especially when it occurs on the face and involves the 
eyelids, the lips and the tongue. In these situations eiabogi^ plastic 



HMMANQIOMA 


237 


procedures may be required to reconstruct the features after excision 
of the tumours. Radium must be employed with great care in the 
large capillary and the cavernous tyi>e on account of the necrosis, 
telangiectasis or pigmentation of the skin that it may produce. (^The 
cells of the cavernous type are very radiosensitive.'' 

Malignant Haemangioblastoma (haemangio-endothelioma). Some¬ 
times a haemangioma presents malignant features from the outset. 
Such a tumour may assume^large proportions and metastasize by both 
the lymph and blood vessels. It has developed most often in the l.i_ver 



Fio.lOtt. Angioma of the lip. The tumour was of dark blue colour, and 
projected under the mucous membrane and skin of the lip. 

{Mumim oj Soj/al College of Surgeons of Edinburgh.) 


(which may be cirrhotic), the spleen, the lungs, and the retroperitoneal 
tissues. ' 

Arterial Angioma : Cirsoid or Racemose Aneurysm. This rare con¬ 
dition may arise in infancy or in adult life. It consists of an qyerp'owth of 
small arteries, which are intertwined in racemose fashion. The arteries 
pulsate visibly, giving an appearance likened by Virchow to a pulsating 
mass of earthworms. The veins and capillaries may be increased in 
number. It is not clear whether the condition is to be regarded as a 
true tumour of blood vessels or as a simple dilatation arising on a basis 
of a congenital anomaly. 

In the great majority of cases a cirsoid aneurysm affects the side of 
the scaljgi^and it tends to spread oyer the head and also to the up^r 
partof the neck. The great vascularity of the growth induces decalcifi- 
catidirb|<|pie skull and may eventually, perforate it. , 
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VASCULAR OBLITERATIVE DISEASES 

The blood vessels of the extremities may undergo gradual oblitera¬ 
tion as a result of organic diseases, such as arteriosclerosis, atheroma 
and thrombo-angeitis obliterans; they may be occluded suddenly by 
ycmbolism or thrombosis; or they may undergo recurrent constriction in 
such vasospastic disorders as Raynaud’s disease. The pathological 
results of these occlusions arc of profound significance in the recognition 
and trcalmcnt of the vascular disorders of the limbs. 

The effects of circulatory arrest may be studied in patients suffering 
from arterial disease, or, more conveniently, in normal subjects after 
the application of a tourniquet or an inflatable cuff to the limb. In the 
latter field particularly the work of Lewis and his colleagues stands 
pre-eminent. 

Discoloration of the Skin. When an inflatable cuff is applied, and 
the pressure raised above the systolic blood pressure, the first objective 
change is in the colour of the skin, which first becomes deathly pale, 
then congested and cyanotic, and finally mottled. 

The early pallor is due to draining of the blood from the skin capil¬ 
laries into flic more deeply placed veins, as ean be shown by microscopic 
examination of the nail-beds. 

The congestion and cyanosis appear within a few minutes and 
gradually deepen. They are due to.regurgitation of the blood, now 
deprived of its oxygen content, into the superficial capillaries, which 
have undergone dilatation as a result of the direct action on their lining 
endothelium of vasodilator products of metabolism, pent Tip in the 
adjoining tissue spaces. 

The mottling of the skin is an interesting but unexplained pheno¬ 
menon, which conies on gradually and is persistent. It consists of white 
areas, “ Bier’s spots,” with intervening zones of cyanosis, and is to be 
regarded as due to local vascular constrictions of unknown origin. 

Temperature of the Limb. Clinical records often suggest that in 
a sudden vascular occlusion the limb rapidly becomes “ stone-cold,” 
It is obvious, however, that the loss of heat must be a gradual process, 
and Lewis’s observations indicate that a considerable time elapses 
before the limb reaches room temperature. Cooling takes place most 
rapidly in the distal part of the extremity, and the tips of the fingers 
approximate to room temperature in about half an hour. The proximal 
part of the limb takes several hours to cool to this extent. 

Effect on Nerves. The nerves of the limb lose their function with 
some rapidity under ischaemic conditions. Within 15 minutes of a 
complete circulatory arrest there is numbness at the finger tips, and 
from this time on there is a gradual spread of sensory and motor 
paralysis up the limb. The paralysis is a temporary one, however, 
and ^TOCOvers within a few minutes Rafter release of the tourniquet, "V 
thouj^ 'thei^ may be some persistent weakness from direct pressure"^ 
u]^ tlm nerves. 

Effect on Muscles. If the muscles of the ischaemic limb are con- 
trliCted vigorously, sevfjre 4 )ain is caused, lowing, it is thought,^T5b 
accumulation within the muscle of the prMucts of activity which 



VASCULAR OBLITERATIVE DISEASES 239 

N 

should normally be carried away in the venous blood. The pain is 
of cramp-like character, a diffuse, continuous ache, felt in the muscles 
themselves, and very severe. It disappears rapidly after release of the 
tourniquet. This pain is similar in character to the pain of intermittent 
claudication, seen in many cases of vascular obliteration, e.g., in arterio¬ 
sclerosis. The pain comes on early in complete arterial obstruction, 
more slowly if the blockage is incomplete, and it thus forms a reliable 
index to the extent of the disease. 

Effect on Collateral Circulation. If the main artery to a limb is 
obstructed, the fate of the limb depends upon the extent to which the 
collateral circulation can be developed. The development of a collateral 
circulation is not so simple a process as might be imagined. The older 
view that the blood, denied entrance to the main artery, forced its way 
under an increased pressure along smaller channels, is no longer tenable. 
Indeed, the pressure proximal to the block is not increased but, on the 
contrary, lowered, with the result that the lumen of the artery between 
the block and the nearest collateral vessel proximally becomes reduced. 

It seems likely that the immediate stimulus to the formation of a 
collateral circulation is the result of lowered blood pressure within 
the ischscmic territory. In addition the vessels within the ischaemic 
territory become dilated as a result of the accumulation of vasodilator 
metabolites from the tissues, resulting in a diminislu'd resistance to 
the blood How along the collateral channels. Tin; collateral vessels 
undergo dilatation and compensatory hypertrophy, and the blood How 
to the extremity may finally be restored to its normal volume. 

The extent of the collateral circulation, and the rapidity with which 
it can be opened, depend upon a number of factors, and especially upon 
the character of the obstructing agent and upon the condition of health 
of the collateral channels. If the obstructing agent is a simple ligature, 
the minimum amount of clotting occurs in the vessel proximal and distal 
to it, and all available collaterals can be utilized. On the other hand, if 
the obstruction is caused by thrombosis in an arteriosclerotic artery, or 
even by an embolus, it is sometimes found that several collateral 
channels are obstructed owing to spread of thrombosis within the main 
artery. The condition of the collateral channels has an obvious 
importance ; if healthy, they undergo considerable dilatation under 
the infiuence of the vasodilator products, whereas if diseased they may 
be quite incapable of dilatation. The estimation of these potentialities 
is of outstanding importance in the treatment of disorders of the 
circulatioii. 

Tests of Vascular Obliteration. In severe cases the presence of 
vascular impairment is obvious. The limb is generally colder than its 
fellow, pale or cyanotic ; the pulse is diminished or absent; the vessels 
may be palpably thickened ; signs of gangrene may be evident. 

For less marked cases, and in order to estimate the degree of 
impairment, the following tests, may be carried out;— 

(1) Pulsation of Peripheral Vessels. In the lower limbs pulsation 
may normally be felt in the femoral artery at and below the groin, in 
the popliteal artery, in the posterior tibial artery behind the medial 
malleolus, and in the dorsalis pedis artery at the ankle. In vascular 
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disease the pulsation is lost in the reverse order. Absence of pulsation 
does not necessarily signify that the vessel is obliterated; there may 
be a continuous flow of blood, noii-pulsatile due to blocking of the 
main vessel proximally. In borderline cases pulsation may return if 
the peripheral vessels are dilated by warmth ; this may be effected by 
warming the limb, or, better, by applying heat to the trunk so as to 
warm the arterial blood going to the limb ; pulsation may also return 
during pyrexia. 

To test for the presence of pulsation in a doubtful case an oscillometer 
may be used. This is a cuff applied to the part to be tested, inflated 
and connected with an aneroid manometer. Oscillations similar to 
those observed during blood pressure estimations are demonstrated, 
and may be recorded graphically. 

(2) Skin Temperature Tests. The skin of the affected limb should 
be compared with its fellow (a) as the two limbs lie in bed; (6} after 
exposure for a few minutes to the cold air ; (c) after immersion for a 
few minutes in water at body temperature. The skin temperature may 
be gauged with fair accuracy by touch, preferably using the back of 
the fingers; or special skin thermometers or thermo-electric couples 
may be used for exact records, (jn a limb of impaired vascularity the 
temperature is normal when the limb is protected by bedclothes, 
but cools more rapidly on exposure and warms less rapidly when 
heated.} 

(8) Elevation of the Limb. If the two limbs, thoroughly wanned to 
eliminate spasmodic vasoconstriction, are raised above the level of the 
body, say to 45 degrees,/the limb with diminished vascularity becomes 
deathly pale. For purposes of comparison, the level at which this sign 
develops may be recorded. 

(4) Tests of Vasodilatation. Normally all the vessels of a limb are 
in a state of tonic vasoconstriction. When the main vessels are 
obliterated by disease, the nutrition of the extremity depends upon the 
degree to which the collateral vessels can dilate. If the collateral 
vessels are healthy, improvement may be effected if the vasomotor 
control can be abolished by paralysing the sympathetic innervation ; 
if, on the other hand, they are diseased, little or no improvement can 
be expected. 

To assess the benefit to be anticipated from sympathetic denervation, 
the vasomotor control may be abolished temporarily in the upper limb 
by ansesthetizing the cervico-dorsal sympathetic trunk with novocaiii^"^ 
( or in the lower limb by inducing spinal anaesthesia.' The skiif tempera- 
twe of the extremity is estimated accurately before, and at intervals 
afterwards, and the response noted. If the collateral vessels are capable 
of dilatation, the skin tc'mperature rises abruptly, perhaps to within a 
few degrees of blood temperature; if they are diseased, the rise is 
slower and incomplete. 

dpB case, at room temperature IS® C., the skin temperature 

of may be about 18° C. If the collateral circulation is 

haalmy, aflbr induction of the anaesthesia the temperature may rise to 
80^10 ^4° Cl ; if diseased to 25° C. or so. 

y^other method, applicable to either upper or lower limbs, is to 
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abolish vasomotor control by raising the temperature of the blood 
going to the limb. This may be effected by heating the trunk in a heat 
cage, or by immersing one of the limbs not being tested in hot watefv 



ARTERIAL DEGENERATIONS 

The nature, incidence and supposed causes of the various forms 
of arterial degeneration are adequately ti-eated in most text-books 
of medicine and of general pathology, and here it will only be 
necessary to describe those aspects of surgical interest. 

It may be recalled that tlie various 
degenerations are of common occurrence in 
the male sex after the age of fifty or sixty 
years, and that when they occur at an earlier 
age they are generally associated with some 
specific cause such as syphilis, diabetes, 
nephritis, alcoholism or plumbism. Further¬ 
more, it may be mentioned that at least 
three fairly distinct types of degeneration 
are recognized. (1) Atheroma, a patchj’^ 
disease principally affecting the ^orta, the 
coronary and,cerebral vessels, and charac¬ 
terized by fatty and fibrous changes in the 
deeper parts of the intirna, with loss of 
elasticity and finally softcnirjg and 
the formation of “ ulcerated ” plaques. 

(2) Arteriosclerosis, a widespread affection 
characterized by more or' less generalized 
increase of the fib^lis tissue elements of 
the arterial wall. ,'{3)jAnnular calcification 
(Monckeberg’s sclerous), characterized by 
fibrosis and calcification of the middle coat 
of medium-sized and smaller vessels. 

The various forms of arterial degenera¬ 
tion are of especial interest for the surgeon, 
for by narrowing the peripheral vessels and (liy touruty of iroj. J. w.s. nuukiock.) 
interfering with their elasticity these 

diseases cause fprogressive impairment of the blood supply, and 
ultimately may read to gangrener\ In subjects otherwise healthy the 
circulation may become much diminished, yet suffice to maintain the 
vitality of the part, and consequently gangrene rarely supervenes 
before the age of sixty-five or seventy years (senile gangrene). In 
^^^^bjects affected by diabetes, on the other hand, the presence of the 
poisonous products of faulty metabolism greatly reduces the vitality of 
the tissues and lessens their resistance to infection, and consequently 
gangrene occuis at a somewhat earlier age (diabetic gangrene^} 

Senile Gangrene. This condition affects m^s far more frequently 
than females, and it is uncommon before the age of sixty-five years. 
The gangrene is generally preceded by premonit ory indicatt?ms of the 
fiitiling vascularity of the part, such as ^umbness, tingling, ^old, and 


Fig. 110. Diabetic end¬ 
arteritis of the femoral 
artery. 
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severe/;ramp-Iike pains. The great toe is most commonly the part first 
affected,” especially on the dorsum, close to the nail. Often the onset 
of the gangrene is determined by slight trauma or by mild infection, 
such as may follow the removal of a corn. 

The (skin of the toe at first is dead white; later it becomes dis¬ 
coloured by altered blood pigment, and. finally, it becomes black, 
shrunk and mummified. Since the reduction of vascularity occurs 
slowly, there is no flooding of the part with venous blood and no sudden 
stagnation of fluid in the tissues. Consequently the part usually 
remains dry—at least, near the skin surface—and little, if at all, infected. 

The disease progresses very slowly and, indeed, may remain with 
little change for a period of months. Later the other toes may be 
involved, and eventually the remainder of the foot. At any time the 
access of infection may lead to great increase in the rapidity of spread. 
If the blood supply to the zone bordering on the gangrenous part be 
adequate an inflammatory reaction may occur, and ultimately result in 
a line of demarcation. After a very long period the gangrenous part 
may be shed, and since the blood supply to the muscles and bones is 
more liberal than to the skin, the resulting stump is conical. 

Diabetic Gangrene. This condition is more properly termed 
“ arteriosclerotic gangrene occurring in diabetic subjects,” for it is due 
primarily to sclerotic changes in the vessels, though the progress is 
accelerated and aggravated by the underlying disease. 

Diabetic gangrene is commonest in male subjects, and it is rare 
before the age of fifty years. Like senile gangrene, it begins almost 
invariably in the foot, especially in the neighbourhood of one of the 
toe-nails. The toxic products of faulty fat metabolism, which are 
responsible for many of the gciuTal effects of diabetes, precipitate its 
onset even before the arteriosclerotic change is far advanced. More¬ 
over, the toxic products impair the resistance of the tissues to infection 
and diminish the general vitality of the patient, so that rapid extension 
to the foot complicated by infection is usual. 

Embolic Gangrene. This form of gangrene is not common, but 
it is of particular importance because a timely removal of the obstruct¬ 
ing embolus from the affected vessel may restore the circulation. 
Migrating emboli usually take the form of a partly organized clot which 
has developed usually in the left auricle as a result of circulatory stasis 
in the course of a decompensated heart lesion ; less often it arises from 
the surfaces of an atheromatous ulcer in the aorta. It has occurred as 
a rare post-operative complication in stout subjects. ,}t is the large 
arterial trunks, such as the bifurcation of the aorta, the iliac, the femoral 
and brachial arteries, which entrap the embolus. The femoral artery is 
by far the commonest site (54%). The embolus is arrested where an 
a^ry narrows, its point of bifurcation, and usually it straddles it. 
Arrest of the circulation leads at once to severe pain from ischsemia, 
pallor followed by lividity. and, after a variable ihtej^al, gangrene, 
at a level depending on the site of vascular occlusion, '^he advent of 
gangrene is the outcome not of the local vascular obstruction but of 
vascular spasm and progressive intravascular clotting extending distally 
from the embolus.' 
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RAYNAUD’S AND ALLIED DISEASES 

In 1862 Maurice Raynaud described a number of cases of obscure 
aetiology, in which the most prominent features wcr^ intermittent pallor 
and cyanosis of the extremities precipitated by cold. It is now recog¬ 
nized that this syndrome, generally described as the Raynaud pheno¬ 
menon, is not attributable to a single disease, but may occur under the 
following conditions :— 

(1) In healthy persons subjected to extreme cold long enough to 
lower the body temperature by several degrees. 

/(2) In sufferers from so-called hereditary cold fini>ers, a familial 
disease affecting either sex and generally originating in childhood. 

/(3) workers using vibrating tools, e.g., pneumatic drills and 
riveters. 

(4) In the incipient stages of degenerative vascular dis<*ases, such 
as tlu’ombo-angeitis obliterans, arteriosclerosis, etc., and of selero- 
dactyly. 

{.'>) Idiojaithically.- * 

The term Raynaud's disease is best restricted to the idiopathic 
form. This is a rare affection, which occurs almost exclusively in 
Cornell, appearing first between the ages of twentyjmd fpity years. 

' It affects the fingers and hands and sometimes, though usually less 
severely, the feet as well; the"nose and ears are not aflected. The 
attacks, which are nearly always symmetrical, arc preci pit ated by 
exposure to cold (say, 18° C.), but in about half the cases emotional 
disturbance may be responsible. The colour change in the skm is a 
dusky blueness, starting in the finger tips and associated with numbness 
and pain, followed usually by a waxy pallor if the stimulus persists : 
warming of the part terminates the attack and the skin assumes a 
lobster red colour, which gradually fades. No bleeding follows a prick 
of the finger during an attack. Retween attacks the skin is usually 
normal. Without treatment the condition may progress and culminate 
in superficial lilcerations or even gangrene of the skin, especially of the 
little and ring fingers. 

The ajtioiogical factors are not yet understood. That emotional dis¬ 
turbance may precipitate attacks suggests that an endficrine or centrally 
originating vasomotor influence may be responsible for the peripheral 
vaso-constricti^, but against this supposition is the observation that 
regional “ nerve block ” will not abort an attack in progress and that 
sympathetic denervation does not entirely abolish their repetition.^ 
Lewis’s detailed studies aflbrd strong evidence that the colour changes 
are due to obstruction in medi\im-sizcd arteries, due to an unexplained 
/fault in their vasomotor tone—an unusual susceptibility of the vessel 
walls'" to cold. 

Acrocyanosis resembles Raynaud’s disease except that the blanc hing 
phenomena are absent. During the attacks, which follow exposure to 
cold, there is usually diminished sensibility or even anaesthesia within 
the affected area of skin. Pain is absent during the attack, 'but it may 
be severe and burning in character as it passes^ Tlie hand assumes a 
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Vermilion red colour at the termination of an attack. Trophic ti Iceration 
of the skin may occur in progressive cases. 

ErythroeyoMsis frigida (known also 'as Bazin’s disease), affects 
young women^hose legs are unusually fat and "thick. In winter the 
skin of the lower part of the backs of the calves and the ankle region 
becomes the seat -of dusky reddish-purple indurated patches. The 
malady is bilateral, ^orse usually on one side than the other; and in 
severe cases the^dn over the discoloured patches breaks down, leaving 
indolent shallow ulcers. 

Part of the swelling of the legs is due to overgrowth of subcutaneous 
fat and areolar tissue. It may be particularly excessive in the form of 
pads about the lateral malleolus. The presence of giant-cell formations 
in the tissue removed from the leg idcers led to the supposition that 
(tuberculosis might be an underlying cause. More likely the giant cells 
"are of the foreign body type associated with the necrotic process. 


THROMBO-ANGEITIS OBLITERANS 

This disease was first described, under the title endarteritis obliterans, 
by V. Winiwarter in 1879, but it has only received widespread recognition 
since Buerger in 1908 drew attention to its characteristic features and 
gave it the name it now bears. 

Thrombo-angeitis obliterans is a disease of arteries and veins. In 
the great majority of cases it affects the vessels of the lo weFIun b. but 
sometimes it involves the vessels of the forearm, and, exceptionally, the 
testicular artery and other vessels. It is characterized by low-grade 
inflammatory changes in the vessel walls with thrombosis in the lumen 
and much fibrosis in the perivasc ular tis sues, and it takes a pro gressiv e 
course which may culminate in gangrene of the affected extremity. The 
vessels of the other lower limb may be involved subsequently, sometimes 
after the lapse of several years. 

Unlike most other forms of vascular disease, thrombo-angeitis 
obliterans arises usually before the age of fifty years, and frequently it 
occurs between the ages of twenty and forty years. Almost invariably 
it affects males, and for some undetermined reason it is commonest in 
Je ws of Russian origin, though it is not, as was once suggested, limited 
to that race. 

The gause of the disease is unknown. There is no demonstrable 
relation to ayphilis, tuberculosis, arterioscleros^, or other disease. 
The pathological changes are those of a low-grade\mflammatory process,3' 
and it has been presumed that the cause Ts some foim of infection or 
toxaemia. The valuable therapeutic result achieved in early cases by 
sympathectomy suggests thatNfkeriospasm of nervous origin 
be a factor in its causation. It is well recognized that such spasm if 
longHcontinued may lead to marked organic changes in the vessel wall. 

In affected region the most striking pathological change is 
l^riv ascHilair fi brosis, and this may be so extensive as .to bind the artery 
and any accompanying nerves in a dense cord of mcatricial 
ti#he, from which they can only be dissected with difficulty. The 
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artCTy when cut across is seen to be contracted, the wall greatly 
thickened, and the lumen narrowed or quite obliterated. 

Microscopically, there is an infiltration of all the coats of the vessels 
by lymphocytes and plasma cells. TThelmtima is somewhat thickened 
by proliferation of its endothelial cells^ and the;muscle fibres of the 
media arc atrophied, but the greatest change is seen in the' adventitia, 
which is extensively infiltrated fcylibrdus tissue."‘'^he intCTnal elastic 
lamina is not destroyed as in atheroma, but is thickened and sometimes 
duplicated! 

The lumen of the vessel is occupied in whole or in part by a thrombus, 
which in old-standing cases is organized and fibrous. Sometimes 



Fio. 111. Throinbo-angeitis obliterans. The lumen of 
the artery is occupied by organized thrombus 
which has been recanalized. 

{Deptirtiitent of Pathology, Vnivertity of Olatgow.) 


the thrombus contains accumulations of round cells with occasional 
giant cells of the foreign-body type. Canalization of the thrombus 
occurs as in other forms of intravascular clotting. The new channel may 
be visible as an irregular, centrally placed lumen, but it is never of large 
size, and since the fibrosis around prevents dilatation it does not suffice 
to maintain the nutrition of the part. 


Thrombo-angeitis obliterans is a slowly progressive disease. Usually 
it appears first in the main vessels of the foot arid leg, especially in the 
dorsalis pedis artery and in the distal portions of the anterior and 
posterfor tibial arteries. Later it tends to spread proximally and may 
inv^e „t1ie" popl^al artery and eYeji„jthe. femoiid“and iliac v^ek. 
Th^istribution of the disease is not uniform but patchy, i^nd a 
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diseased over a length of a few centimetres may be unaffected in the 
rest of its course. •' 

Since the disease is at first confined principally to the larger blood 
V€tssels and is of slow progress, a collateral circulation usually develops 
sufficiently to maintain, though imperfectly, the nutrition of the limb, 
but eventually as the obliterative process extends and especially when 
the popliteal artery is occluded, the collateral circulation proves 
inadequate and gangrene results. The gangrene is usually of the dry 
type, and remains confined for long to one or more of the toes. 

Gangrene, although the final result, is by no means the most distressing 
one. For a long time before this stage is reached, Impoverishment of 
the blood supply an^ involvement of nerves in the perivascular fibrosis 
give rise to recurrent or continuous pain. Ischaemia of the muscles 
causes paroxysmal cramp-like pains after even gentle exercise. Im¬ 
paired nutrition of the tissues, and involvement of autonomic nerves, 
lead to coldness, blueness or oedema of the extremity and to painful 
superficial ulcers about the toenails. Phlebitis of superficial veins adds 
to the discomfort, hlventmilly pain may be so great as in itself to justify 
amputation. 


VARICOSE VEINS 

Diluted and varicose veins occur most frequently in the lower 
limbs, in the anal canal (haemorrhoids), and in the spermatic cord 
(varieoeelc), but in various conditions of disease they may occur in 
many other parts of the body. In the three situations just mentioned 
the varicosities depend upon several related factors, which will be 
considered in more detail below. In other situations varicosity is almost 
invariably the result of obstruction to the normal venous flow—for 
example, the varicosities at the lower end of the oesophagus and else¬ 
where in cirrhosis of the liver, those of the superficial abdominal veins 
in thrombosis of the inferior vena cava, and those of the superficial 
thoracic and cervical veins in obstruction of the superior vena cava. 
One exception to this general statement is the varicosity which follows 
the establishment of an arterio-venous aneurysm, in which the dilatation 
of the vein is due tt) the intensified pressure from the inflow of arterial 
blood {see p. 231). 


Varicose Veins in the Lower Limb 

Varicose veins in the lower limb affect adults at any age, and they 
are especially common between the ages of' twenty and forty years. 
The varicosity may affect any of the superficial veins of the lower limb, 
and not uncommonly the condition is bilateral. The main trunk and 
principal tributaries of the great saphenous are the veins most fre¬ 
quently affected. ’ Sometimes only a short segment of a single vein\ is 
noticeably dilated, but more often the dilatation is widespread and may 
affect every subcutaneous vein in the limb to a greater or less extent. 
In some subjects, especially stout elderly females, innumerable cutaneous 
venules participate in the dilatation. 
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From the etiological standpoint two distinct types of varicose veins 
may be recognized. Of these the second type is tlie commoner and the 
more important. 

(1) In the first type the cause is some orgjinic obstruction to the 
venous return flow, such as may result from the pressure of an intra¬ 
abdominal tumour or fluid collection or from extensive thrombosis in 
the main veaious trunlcs. Post-operative thrombosis (phlegmasia alba 
dolens) and Jbhrombophlcbitis complicating such infections as pneumonia 
and typhoid fever, arc examples of such organic obstruction, and they 
notoriously give rise to very extreme forms of varicosity. It seems 
probable that the varicosities that occur so often during pregnancy 
belong to this class and result from pressure of the enlarged uterus on 
the pelvic veins. The special practical importance of this type lies in 
the necessity for recognizing the futility of local treatment unless, or 
until, the primary cause be overcome. 

(2) In the second, the more common type, no organic obstruction 
is present. This is the form so common in young adults. It affects 
males more often than females, and a familial incidence may be dis¬ 
cernible. From the aetiological standpoint this type is of especial 
interest, for it is apt to occur in two totally distinct classes of subject, 
namely, in hyposthenic subjects of sedentary occupation, and in 
athletes. 

The cause of varicose veins of this type is generally assumed to be 
related to some congenital weakness in the vessel wall or supporting 
tissues, which may be accompanied by, or Icafl to, a deficiency of the 
valves. Tlie valvular incompetence thus produced subjects the veins 
to an increased j)ressure from within, and, in the upright position, to 
the weight of an extended column of blood reaching as far as the heart. 
In addition to such hypothetical developmental weakness, however, 
there are probably other causative factors, which are related to the 
general structure and efficiency of the vi'iious system. 

In this connexion Wood Jones has drawn attention to several 
features in the anatomy of the venous pathway which deserve more 
general recognition. Venous blood, unlike arterial blood, lias no vis a 
tergo from the heart beat, nor have the veins more than slight intrinsic 
pulsatile contractibility, and consequently, in the lower limbs, where 
gravity increases the difficulty of the venous return, the blood flow 
depends principally upon the contractions of Ihe skeletal muscles. 

Now, in so far as the deeply situated veins are concerned the 
anatomical disposition is such as to assist this propelling action on the 
part of the muscles. The deep veins of the leg form multiple channels, 
irregular and variable venae comites, buried deep in the muscle masses 
and necessarily compressed by every muscular contraction. At the 
flexure of the joint these several channels converge upon a single large 
vessel, the popliteal vein, and this vein is furnished with two or three 
bicuspid valves, which effectually prevent regurgitation of blood when 
the muscles relax. A somewhat similar disposition obtains in the thigh. 

The superficial veins, on the other hand, lie unsupported iii loose 
subcutaneous tissue, and in normal circumstances are merel}' subsidiajy. 
Between the superficial and deep systems, however, are several com- 
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inunicating channels, notably at the saphenous opening and at the 
popliteal space, and in conditions in which the pressure in the deep 
veins is raised these communicating channels transmit the excess blood 
to the superficial system, which thus becomes a temporary receptacle 
for the excess blood. 

In sedentary persons gravitation effects a passive venous congestion 
of the whole limb. The deep veins being surrounded by muscles are 
well supported, and transmit the increased pressure to the superfitdal 
veins, and these, being unsupported, dilate. In athletes, on the other 
hand, there is an active venous congestion, following the increased 
vascularity of the contracting muscles. Moreover, in athletes the 
muscle contractions, being sustained rather than intermittent, have no 
pump-like action, but, on the contrarj^ tend to obstruct the deeply 
placed veins, and thus the blood is diverted superficially./’ 

The of varicose veins (of whatever cause) ai^ characteristic. 

The veins ^dilate, increase in length and become tortuous and often 
sacculated; The "'iressel wall becomes thickened by fibrosis and its 
muscle fibres atrophy, with the result that the vessel when cut or 
ruptured gapes widely, permitting free and sometimes fatal hemorrhage. 
Adjacent portions of a tortuous vein m&y become bound together by 
'fibrous tissue and are often closely adherent to the skin, which itself 
ultimately undergoes atrophic changes. 

/Stasis of blood in the veins and congestion in the perivascular 
tissues lead to the deposition of hajmosidefin, and when the veins lie 
close to the surface, as on the medial surface of the leg, the skin may 
become deeply pigmented. 

Irritation by the pigment, combified with diminished vitality of the 
tissues from congestion, and often assisted by the effects of dirt and 
infection, may lead to dermatitis in this region, and later to the forma¬ 
tion of an ulcer, which is slow to heal and very apt to recur. 

In addition, varicose veins are very liable to thrombosis and phlebitis, 
which may follow injury or may arise in the absence of any demonsttable 
cause. Thrombosis may subsequently lead to the formation of small 
calcified nodules (phleboliths) in the obliterating thrombus. 

Haemorrhoids 

Internal hasmorrhoids result from (dilatation and varicosity of the 
superficial veins of the anal canal. These vessels, which are anastomising 
channels between tributaries of the superior and inferior hsemorrhoidal 
veins, lie in the submucous tissue superfidal to the sphincter muscles, 
and being ill-supported they readily dilate. 

In the great majority of cases the essential factor in the production 
of haemorrhoids is j^onic constipation. The presence of large scybalous 
massef the rectum induces a degree of venous stasis, and this is greatly 
aggravated by prolonged straining at stool. It seems probable that in 
some subjechs there is a weidcness of the vessel walls, which predisposes 
40 the dilatation. Occasionally heemorrhoids arise as a result o^bstruc- 
tibn to, the portal blood flow, for example, in cirrhosis of rae liver. 
Heemorrhoids are of common occurrence in jpregnancy, from pr^sure 
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of the enlarging uterus upon the superior hiemorrhoidal vein. It is 
important to recognize also that they may result from the pressure of 
a jtumour within the rectum, and may provide the first indication of 
such disease. 

Fully developed hsemorrhoids form dark purplish polypoidal masses 
which project into the anal canal. Most commonly three large haemor- 
rhoidal masses are present, one situated anteriorly andfthe other two 
on the posterolateral aspects of the canal, and in addition there are 
usually several stnallcr masses. The masses tend to protrude at the 
anus, usually only during prolonged straining at stool, but sometimes 
upon the slightest exertion. Even when small they may bleed freely 
and may even give rise to a severe degree of secondary anaemia. Infec¬ 
tion may occur, especially if the masses remain protruded at the anus. 
Infection commonly leads to thrombosis within the hajmorrhoidal vein 
and sometimes to ulceration or necrosis of the pile. Rarely such 
infection has been known to lead to pyl<^hlcbitis. 

External hsemorrhoids result from dilatation and varicosity of 
anastomosing veins situated deep to the peri-anal skin. Commonly they 
give rise to small firm piles or skin tags. Occasionally the vein ruptures 
as a result of sudden straining at stool and the extravasated blood clots, 
forming an exceedingly painful “ thrombosed pile.” 

Varicocele 

This is a varicose condition of the veins of the pampiniform plexus. 
It occurs in young men, and is almost always confined to the left side. 
Little is known bf the aetiology, but it seems probable that, as in the 
case of varicose veins of the lower limbs, there is a^.developmental 
weakness of the vessel walls. The affected veins become dilated and 
extremely tortuous, and from the weight of the contained blood they 
may cause a certain amount of discomfort. 

Varicocele may occur in older men, and is then usually due to 
pressure of a tumour upon the testicular vein or, on the left side, on 
the renal veins. A hypernephroma of the left kidney growing along the 
lumen of the left renal veins has been known to have this effect. 

TRAUMATIC ASPHYXIA—Traumatic Cyanosis 

This rather rare condition results from(severe, but briefly sustained, 
crushing injuries to the thorax, such as may occur in railway or pit 
accidents, or, rarely, from the pressure in densely packed crowds."^ It 
is characterized by a generalized purple suffusion and cedema of'the 
skin of the face and neck and diffuse ecchymosis of the conjunctiva.* It 
may be accompanied by fracture of the sternum or ribs; and fSrom 
injury to the minute vessels in the retina it may lead to tempora ry or 
perm^ent blindness. 

ThVljlistribution of the very striking discoloration is sharply 
demarca^.^ In front it extends to a short distance below the clavicles; 
posteriorly its inferior limit is variable, but it usually, reaches the level 
of the tipper pert of the shoulder girdle. 
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The condition is due to sudden distension of the veins of the upper 
part of the head and neck as a result of sudden occlusion of the large 
veins at the thoracic inlet, and the peculiar character and the wide extent 
of the lesions are attributed to the absence of valves in the cervical veins. 

The discoloration of the skin is due to dilatation of veins and 
capillaries, associated probably with temporary loss of their elasticity. 
Haemorrhage of any considerable size is very untisual. The oedema 
and suffusion recede gradually, and with less change of colour than is 
observed when an ecchymosis fades. Before absorption is complete the 
skin may have a blotchy yellow-green colour which is slow to disappear. 
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CHAPTER XII 

DISEASES OF LYMPH GLANDS AND VESSELS 

By reason of their intimate relationship to the tissue spaces tlie 
lymph channels form an easy route for the spread of bacterial infections 
and for invasion by malignant cells. Consequently the lyinjjh vascular 
system is of }>rimary importance to the surgeon in relation to acute 
and chronic infections and to malignant neoplasms. 

The radicles of the lymph system originate in minute intercellular 
culs-de-sac, and by union they form larger vessels which terminate in 
the lymph glands. Efferent vessels from the glands eventually empty 
their contents into the venous blood stream, cither by the thoracic duct 
or by other main lymph channels. A typical lymph gland is somewhat 
kidney shaped, and it consists of a fibrous capsule, from whose deep 
surface spring fibrous trabeculae, and a parenchyma of lymphoid tissue. 
A more or less distinct hilum may be recognized, which admits the 
artery to the gland and forms the point of exit for the veins and the 
efferent lymph vessel. 

The afferent lymph vessels, usually multiple, enter the gland at its 
convex surface, and, having pierced the capsule, they communicate 
directly with a subcapsular lymph space known as the “ corridor ” of the 
gland. Lymph percolates through the meshes of the corridor and 
thence to finer channels known as lymph sinuses. In the sinuses the 
lymph stagnates in close contact with the endothelial cells of the lymph 
cords, and any particles such as bacteria or pus cells may be arrested 
there and undergo phagocytosis. From the sinuses the lymph passes 
towards the hilum of the gland and is collected into the main efferent 
vessel. 

It may be noted that a lymph gland subserves two distinct functions, 
the one concerned with varresit and destruction of substances in the 
lymph, the other with , the formation of lymphocytes by the germ 
centres of the follicles. Each of these functions is of great importance 
in relation to the pathology of the lymph vascular system. 

OBSTRUCTION OF LYMPH VESSELS 

Obstruction or obliteration of lymph vessels is a common result 
of acute and chronic inflammatory diseases and of cancer. When 
the obstruction is localized the collateral channels are usually sufficient 
to carry on drainage, but when the obstruction is extensive, or involves 
large lymphatic trunks, stagnation of lymph in the tissues results, and 
the affected part becomes oedematous, or, in the case of serous cavities, 
an effusion occurs. In many cases lymphatic obstruction is temporary 
and its effects disappear when the disease responsible for it subsides; 
but in other cases, especially those associated with cancer or chronic 
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infective disease, the obliteration of the lymph vessels is progressive 
and permanent, and a state of chronic oedema is established. Clinically, 
lymphatic obstruction is observed most often in the lower extremities, 
the external organs of generation, and less often in the upper extremity. 
The obstruction may be due to extensive removal of lymph glands, 
to infective diseases, such as erysipelas or tuberculosis, or to widespread 
invasion of the lymph glands and their tributaries by cancer cells. In 
some instances a combination of factors is present. 

The lymph vessels and the veins are functionally very similar, and 
their intimate association is evidenced by the great increase in lymph 
flow which occurs in a limb when its main vein is ligated. In the same 
way, probably, the veins may, in part, compensate for the effects of 
obstruction of the lymph vessels. In many diseases lymphatic and 
venous obstruction coexist, and when the obstruction is severe a very 
marked state of temporary or permanent oedema occurs which may 
Anally give rise to the condition known as solid oedema. 

Elephantiasis. Elephantiasis is a condition oi^vergrowth of the 
skin and subcutaneous tissues in a part subjected to prolonged lymph 
vascular obstructioni It occurs most often in the lower extremities and 
the external genital organs, and less often in the upper extremities and 
in the face. The swelling is'\due essentially to obstruction of the lymph 
vessels and glands in various ways, but as it is often preceded by a 
condition of solid oedema it is generally held that there must also be 
obstruction of the venous return in the affected part,;^ The obstruction 
of the veins is usually due to thrombophlebitis caused by secondary 
infection from the skin or the blood. 

Thd oedematous fluid in which the tissues are bathed is rich in 
protein and stimulates proliferation of flbruus tissue beneath the skin. 
On account of the stress from within and stagnation of lymph, the skin 
becomes coarse, thick, and corrugated, and is often discoloured. Some¬ 
times it bears wart-like projections, or it may exhibit excoriation or 
ulceration. 

Various types of elephantiasis are described according to the diseases 
which originally determined the lymph vascular obstruction. 

Congenital elephantiasis is a rare affection of unknown causation. 
It is sometimes familial. One lower extremity is usually involved. The 
swelling is not very great in early life, but it increases during adolescence, 
and if untreated it eventually becomes enormous. 

Filarial elephantiasis is the commonest variety and occurs in 
tropical coxmtries. It is due to invasion of the lymph vessels and glands 
by the adult worm of the fllaria sanguinis honiinis. It is believed that 
]the filarial infection is merely a predisposing cause of the lymph- 
vascular obstruction, and that the exciting cause is lymphangitis, due 
to superadded septic infection &om foci elsewhere. 

The disease attacks any part, but the lower extremities and the 
extet^l Jienitals are the common sites, and the enormous size which 
these parts may assume is well known. When incised at operation the 
skin and subcutaneous tissue are found to be irregularly thickened, due 
to overgrowth of the fibrous tissue and to the loculation of oedematous 
fluid. The superficial veins are often dilated. 
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Lupus elephantiasis, now rare, occurs in young women and usually 
follows upon lupus of the toes and feet which has extended to the 
subcutaneous lymph vessels. As the lymph vessels become obliterated 
the skin and cellular tissues become hypertrophied, ^'he skin is studded 
with fungating masses or ulcers of a livid blue colour.' There is usually 
a concomitant infection by pyogenic organisms which may lead to 
gangrene. 

Elephantiasis grcecorum is due to infection of the skin and sub¬ 
cutaneous tissues with the lepra bacillus. The disease chiefly attacks 
the face, whicli becomes the scat of tumour-like masses consisting of 
leprous nodules. 

Elephantiasis due to cancer is seen in its most characteristic form in 
the upper extremity as a result of obstruction of the axillary lymph 
glands and the axillary vein in carcinoma of the breast. Sometimes it 
follows operation. The whole limb is enormously swollen and may be 
the site of multiple ulcers. Usually there is considerable pain, or the 
limb may be rendered useless. 

Elephantiasis neuromatosa is a condition sometimes associated with 
neurofibromatosis. It is described on p. 321. 

ACUTE LYMPHADENITIS 

Acute inflammatory enlargement of a lymph gland may result from 
any infective process in its catchment area. It is especially apt to 
follow interstitial infections with pyogenic organisms, particularly 
streptococci, and is less common in catarrhal conditions. The lymph 
glands affected most frequently are those of the antccubital fossa and 
the axilla in infections of the hands, those of the neck in infections of the 
scalp, face, tonsil or pharynx, and those of the inguinal region in 
infections of the genitalia and the anal region. 

The earliest result of infection of a gland is proliferation of the endo¬ 
thelial cells lining the lymph sinuses, and these cells by their phagocytic 
action are able to deal with many of the organisms as well as the effete 
pus cells borne in the lymph from the initial focus. If the infection is 
more severe, the lymphoid tissue plays merely a passive part, and an 
inflammatory reaction similar to that seen in other tissues occurs. 
The blood stream is slowed, fibrinous fluid exudes, and polymorph 
leucocytes escape into the meshes of the gland. At this time the 
gland is enlarged, congested, and very tender. If the infection is 
overcome, the inflammation may resolve completely, but if the infection 
continues, suppuration results. The abscess thus formed may remain 
limited to the gland, and may subsequently undergo partial absorption, 
fibrosis and calcification, but much more often it spreads beyond the 
confines of the gland, extends widely in the tissue spaces, and gives rise 
to serious local and constitutional effects. 

CHRONIC NON-SPECIFIC LYMPHADENITIS 

Chronic non-specific lymphadenitis is a comparatively uncommon 
condition, for the reaction of lymph glands to infection is so vigorous 
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that any inflammation short of suppuration subsides as soon as the 
primary focus of infection is overcome. Consequently chronic lympha¬ 
denitis is due almost invariably to the persistence of the primary focus 
of infection. Such chronic primary foci occur most commonly in the 
gums, the teeth, the tonsils and the scalp, and consequently the glands 
the seat of chronic lymphadenitis are those of the neck. 


TUBERCULOSIS OF LYMPH GLANDS 


The important part played by the lymph vascular system in the 
early spread of tuberculosis has already been discussed (Chapter IV.), 
and it only remains to consider the special pathological features of the 
disease in lymph glands. 

Tubercle bacilli usually gain entrance to the hotly in the pharynx. 

the lungs, or the small intes¬ 
tine, and consequently the 
glands first affected are gene¬ 
rally those of the neck, 
mediastinum or mesentery. 
Tuberculosis of lymph glands 
usually pursues a chronic 
course, and often remains 
limited during a long period 
to a single gland or a group of 
glands. 

Other glands may be in¬ 
fected by way of the lymph 
or, rarely, by the blood 
stream, and the localization 
and character of the lesions 
differ according to the 
method of spread. Lymph- 
borne infection progresses 
slowly and at first attacks 
the glands that arc close to 
the primary focus, W'hcreas a 
blood-borne infection is just 
as apt to attack distant as 
local glands. On account of 
the anatomical distribution of 
the afferent lymph vessels 
the early lesions in lymph-borne infection are situated in the sub- 
capsular region of the gland in close relation to the subcapsular lymph 
sinus, whereas in blood-borne infection, since the blood vessel to a 
gland breaks up immediately on entering the hilum. the early lesions are 
scattered diffusely through the gland. 

The penological changes in a tuberculous gland may take either of 
two form^' (a) the caseating, or (5) the proliferative. Of these the 
former is by far the more common. ^ 



Fio. 112. Tuberculosis of lymph glands. 
Numerous lymph glands occupied by 
caseous material arc matted together in a 
solid mass. 

{DepaHment of Clinical Surgery, Vniverfity of Edinburgh.) 
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(а) In the caseating form the changes are those typical of tuber¬ 
culosis in most other situations. Tuberculous follicles develop, with a 
central area of endothelioid cells and giant cells and a surrounding zone 
of lymphocytes. Caseation occurs in the central area, and enlargement 
of the caseous region and confluence of adjacent tubercles may proceed 
until the whole gland is replaced by yellow cheesy material. At any 
stage in the process the disease may be overcome, and then the follicles 
become replaced by fibrous tissue and ultimately become calcified. 
Such calcified tuberculous glands are extremely common, especially in 
the mediastinum or the mesentery of the small intestine, and less often 
in the neck. 

If, on the other hand, the disease progresses, the periglandular 
conneclive tissues are involved, and adjacent glands become adherent 
to one another. Cold abscesses may develop and may infiltrate fascial 
planes and muscles. Eventually they reach the skin surface and 
rupture, leaving a tortuous sinus which remains as long as the glandular 
infection persists. 

(б) In the proliferative form the j)ath()logical changes are of a 
different type. Giant-cell systems are scanty or absent, and there is 
little or no caseation. The glands are swollen and clastic to the touch, 
and on section they are of lleshy appearance and greyish-pink colour. 
Microscopically, .the characteristic change is a diffuse proliferation of 
endothelial cells, with a variable degree of fibrosis. It will be obvious 
that glands affected in this way bear a certain resemblance to the 
glands of lymphadenoma {see p. 258 ), and not infrequently distinction 
is difficult. 

Tuberatlosis of Glands in the Neck. This condition presents certain 
characteristic features, and in view of its surgical importance merits 
separate consideration. 

Two distinct types of infection may be recognized. In tiie first, 
the adenitis is a manifestation of widespread tuberculosis. The patient 
is thin, pale and anaemic, and active disease is present in the tracheo¬ 
bronchial lymph glands, and often in the lungs. The affected cervical 
glands are multiple and are situated in both sides of the neck mainly 
in the lower parts of the anterior and posterior triangles. The glands 
are not greatly enlarged, and are of soft consistency, rarely caseous. 

The second type, seen more often in surgical practice, is a purely 
local infection. The patient, usually a child, is often of healthy 
appearance, and without evidence of other tuberculous lesions. Gene¬ 
rally, one gland is grossly diseased, whilst a few glands adjacent to it 
are involved to a smaller extent. In most cases the principally affected 
gland is the jugulo-digastric or tonsillar gland, situated in the angle 
between the common facial and internal jugular veins. Less often, a 
gland in the submaxillary region, or in the posterior triangle or the 
lower part of the neck, is the chief site of the disease. 

It seems probable that in this local type of disease the infection 
gains access to the gland directly from the pharynx, and in the 
majority of cases the site of entry is at the tonsil. The infecting 
organism is often of bovine type, and in many cases, no dollbt, is milk- 
borne. Frequently a predisposing factor may be found in a recent 
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attack of acute tonsillitis or one of the infectious fevers of childhood, 
particularly measles, whooping cough or scarlet fever. 

In this local type of disease the gland principally involved often 
progresses to caseation and to the formation of a cold abscess. From 
the tonsillar gland the abscess tracks forwards and downwards to reach 
the anterior border of the sternomastoid muscle. At this point it 
perforates the deep fascia, and leads to the formation of a cold abscess 
under the skin. Not infrequently, the skin over the abscess becomes 
thinned and breaks down, giving rise to a sinus. 

Cold abscess formation may signify complete destruction of the 
offending gland, but caseous or calcareous fragments may be responsible 
for persistence of infection and require removal surgically. 


TUMOURS OF LYMPH VESSELS : LYMPHANGIOMA 

A lymphangioma is similar to a ha:mangioma except that its 
spaces and channels contain lymph. The tumour, which is often of 
congenital origin, results either from new formatioxi of lymph spaces or 
vessels, or from dilatation of those which already exist. Usually the 
tumour is completely isolated from the normal lymph channels, but in 
some cases communications are present. There are three chief varieties ; 
capillary, cavernous, and cystic. 

A capillary lymphangioma occurs most often in the lips, cheeks or 
tongue or in the skin and subcutaneous tissues, and less often in muscles 
and internal organs. It gives rise to a localized nodular tumour, or 
causes diffuse enlargement of the part in which it is situated. For 
example, in the tongue it leads to one form of macroglossia. On 
section the tumour is (composed of anastomosing channels or spaces 
lined by flat or cubical epithelium and filled with clear fluid containing 
a few lymphocytes. The stroma is composed of fibrous tissue. In a 
few instances, a hsemangioma and lymphangioma arc combined. 

A cavernous lymphangioma occurs chiefly in the skin, but sometimes 
in the intermuscular septa or in the mucous membranes, where it may 
give rise to a circumscribed or diffuse tumour. It is composed of dilated 
lymph spaces which intercommunicate. The spaces are lined by flat 
endothelium and contain thin fluid or coagulated lymph. Haemorrhage 
may occur in the tumour and thus create the appearance of a 
hemangioma. 

A cystic lymphangioma occurs chiefly in the neck, axilla and groin, 
occasionally in the sacral region or great omentum. Less frequent 
situations are the floor of the mouth, the liver and the suprarenal 
glands. The cyst is usually thin walled and multilocular and may reach 
a very large size. It may be present at birth or may appear soon 
afterwards. 

In the neck the tumour is known as a cystic hygroma. It nia}r be 
definitely circumscribed, but frequently it forms a ramifying mass 
which extends deeply between the muscles, and may even extend to the 
thorax or axilla. It may disappear spontaneously, biit more often this 
is accelerated by infection of its contents. 
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LYMPHOSARCOMA 


A l}rmphosarcoma or reticulum-cell sarcoma is a tumour of lymphoid 
tissue, and is believed to arise from the pro|»enitors of the cells of 
lymphoid tissue. It is characterized by rapid growth and a high degree 
of local malignancy. It occurs most commonly in young subjects and 
it progresses rapidly to a fatal issue. 

The tumour may originate in a lymph gland or in any other collec¬ 
tion of lymphoid tissue. Most frequehtly it arises in one of the glands 
of the neck or the mediiistinum, or in the tonsil or the lysnphoid 
tissues of the nasopharynx. In other cases it may arise in the mesen¬ 
teric or retroperitoneal glands or in the lymphoid tissue of the gastro¬ 
intestinal tract. Rarely it occurs in any tissue in which lymphoid tissue 
js present. 

The tumour grows rapidly and attains large size. It is usually of 
pale colour and soft consistence, and is very liable to necrotic soften¬ 
ing and haemorrhage. It sjjreads from the site of origin, infiltrating 
surrounding tissues and involving other lymph glands in the vicinity. 
Subsequently more distant glands are affected, apparently by extension 
along lymph vessels, and ultimately small metastases may devtdop in 
the liver, spleen or other organs. Microscopically, the normal archi¬ 
tecture of lymphoid tissue is lost, aTicI the tumour consists almost 
entirely of small, round, dark-staining cells, supported by very 
scanty stroma. Some¬ 
times larger cells of 
endothelial type are 
present, which are re¬ 
garded variously as pri¬ 
mitive lymphoblasts or 
as endothelial cells de¬ 
rived from the lymph 
cords. 

In some cases the 
reticulum cells of the 
lymph sinuses are repre¬ 
sented, and deeply 
staining argjn'ophil 
reticulum fibrils are a 
prominent feature (reti- 
eulum-eell sarcoma). 

Lymphosarcoma in 
the neck forms a bulky 
soft mass which be¬ 



comes, fixed to sur¬ 
rounding structures 
and •may ulcerate at 
the skin. It originates 


Fig. 118. Lymphosarconui. The tumour is composed 
of small round cells with hyperchromatic nuclei, 
and of larger cells of endothelial type. A few 
malignant giant cells are present. 

(Labwaiory of RoytU ColUge of PhyoMatu of StdOiburgh ,) 


usually in a gland of 

the upper deep cervical group or in the tonsil, and spreads thence to 


invtdve the glands of the other side and those of the mediastinum or 
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the axillic. Lymphosarcoma in the mediastinum tends to spread 
diffusely in the mediastinal tissue-planes and to invade the lung, and 
it may give rise to a fatal issue from pressurc upon the trachea or great 
vessels. It may be remarked at this point that mediastinal lympho¬ 
sarcoma is probably not so eoinmon as was supposed at one time, for 
many of these mediastinal growths are now known to be atypical 
carcinomata derived from the bronchi, and others are tumours of the 
thymus. 

Lynipliosareomu irj the abdomen may arise either in a lymph gland 
or in the lyrnj)hoid tissu(‘ of the gastro-intestinal tract. A growth 
arising in the latter situation oeeurs most often in the wall of the distal 
part of the ileum, l(*ss t)ften in the jejunum, stomach or colon. It arises 
usually in the submucous layer and iidiltrates the gut wall diffusely, 
thickening it over a large area and ulcerating at the mucous surface. 
Sometimes multiple nodules, apparently independent, arise in diffei’ent 
parts of the intestine. 


LYMPHADENOMA (HODGKIN’S DISEASE) 


Lymphadenoma or Hodgkin's disease is an uffeetion of the lymphoid 
and retieulo-endothelial tissues. It is characterized by painless enlarge¬ 
ment of the lymph glands and spka'u and by antemia of se<*ondary tyj)e. 
In some eases the lymphoid or retieulo-endothelial tissues of the liver, 
lung, bone marrow and alimetdary tract are also involvTd. (haierally 
it affects young adults, especially of the male sex, and it usually pro¬ 
gresses during a few years and terminates fatally. 



Fio. 114. Lymptiadenonia (Hodgkiu's disease)! 
X 900. Note the endothelial cells and the character¬ 
istic giant cells. 

_(LaboTator]/ of Royal CoUtgt of PhyticutHi of KfUnlmryh.) 


The Lymph 
Glands. The glandu¬ 
lar enlargement is 
a constant, and 
generally the 
earliest sign of 
the disease. The 
enlargement is 
limited at first to 
the lympti glands 
in a single region, 
and it may remain 
so limited during 
many ^-months or 
even years, but later 
it affects other 
groups of glands 
and eventually may 
affect lymphoid 
tissues in all parts 
of the body. The 
first glands to 
become enlarged 
ai^ usually those 
at the root of the 
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neck on one or on both sides. In others tiie glamiis in the upper part of 
the neck or in the niediastiniun are affected first. Less eonnnonly, the 
earliest site of the disease is in the glands of the axilla, groin, or retro- 
f)critoneal region. 

The affected glands attain considerable size, and when situated 
within the thorax or the abdomen may give rise to pressure effects. 
Glands in the mediastinum may exert pressure on the large veitjs and 
give rise to venous engorgement and (rdeiiia of file face and lurk. or 
they may press upon the trachea and enibnrrjiss rospiralion. (ilands 
in the abdomen may cause, obstruction of the ahmenlnry tract or of tlie 
j)ortal vein or, rarely, the common l)ilc duet. 

On cross section the lymph glands hav<' a eharactenst le appearance. 
They arc of a uniform, homogeneous ehnraeter, pinkish-grey in colour, 
'and elastic to the touch. At first thev are of somewhat soft, tlcshy 
consistency ; lal<!r, tJiey are firm and iibrons. The glands df^m>t 
easeate and never undergo eahalieal ion. 'I’here is no peri-adenif is. and 
consequently flic glands remain diseret(‘ and non-adherent to surround¬ 
ing tissues. 

Microscopically, the a|)pearanee vari<'s at different stages of the 
disease. At first there is proliferation of all the speeilie cells that take 
part in the f(»rmati(m of a lymph gland, the reticulo-einhdhelial c<“lls of 
the gland “ corridor.” the endothelial cells of the germ (*etitrcs, and the 
lym()hocylcs which occupy the tndk of the gland. Many of the cells 
assume immature tyj)e, ami large lymphocytes and eosinojdiil len- 
eoeytes make their aj)[a‘aranee. At this stage giant cells (»f special 
type are usually present. Some (jf them are mononuclear cells, some¬ 
what resembling endotlw'lial cells, from which they probably tak<; 
origijt. Others arenmltinueleated cells which bear a striking resemblane<‘ 
to the megakaryocytes c/f tlu; bone marrow. 

In the late stages of the disease the microseoj)ic uppcaranec is 
altered by the groAvth of fibrous tissue, wliieh infiltrates the wdiole 
gland ami rei>laees the cellular elements. 

The other I.«sions. Whilst enlargement of the lymph glands is 
an invariable feature of Hodgkin’s disease, involv'cment of other 
organs is less constant. 

The Sjpleen is affected in most eases at some stage of the disease. 
It is enlarged, sometimes considerably so. In some eases it is uniform 
and homogeneous in appearance, in others it is nodular, and the cut 
surface shows the presence of pale rounded masses somewhat resembling 
suet. Microscopically, the changes are similar to those seen in the 
lymph glands. 

The blood shows the changes characteristic of a secondary anaemia. 
In some cases there is a moderate leucoeytosis and there may be an 
increase in the number of eosinophil cells. 

The liver is involved in some cases, and presents a diffuse cellular 
infiltration along the portal tracts. Rarely the bone marrow, the lungs 
and the submucous tissues of the stomach and .small intestine show a 
diffuse cellular infiltration or even nodular swellings. Such nodules in 
the stomach or intestine, may project into the lumen and may be 
mistaken for sarcoma. 
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The came of lymphadenoma is not known. The disease has been 
regarded by many workers as a form of tuberculosis, due to attenuated 
human or bovine bacilli. While it is true that in a small proportion 
of cases guinea-pig inoculation of extracts from the affected glands 
yields a positive result, this may be due to a coincident tuberculous 
infection, and the negative results obtained in the great majority of 
cases must be regarded as conclusive evidence against this theory. The 
view that infection with the avian type of tubercle bacillus is respon¬ 
sible has also now been generally discarded. 

In some respects lymphadenoma is comparable to the leukaemias 
and to lymphosarcoma, and many observers regard it as a type of 
tumour formation allied to these conditions. 

Lastly, there is the view that lymphadenoma is due to infection by 
organisms of low virulence. The attacks of pyrexia (Pel-Ebstein 
waves) that form such a characteristic feature of the clinical course 
give some support to this theory. Various workers have isolated strep¬ 
tococci, diphtheroid bacilli, and other organisms from the affected 
glands, but their very multiplicity precludes conviction. 


SARCOIDOSIS (OF BOECK) 
Lymphogranulomat(»is Benigna 

This rare disease has acquired considerable interest and importance 
on account of its obscure nature and the multiple and varied patho¬ 
logical lesions it may present. It may be latent, but it usually gives 
rise to a protracted illness which recovers spontaneously. 

The pathological features are mainly the result of proliferative 
changes in the lymphoid tissues, like those in tuberculosis but without 
caseation.'^ The lesions are most constant in the lymph glands, but the 
lymphoid tissue in the lungs, in the salivary glands and other sites may 
be affected. Skin lesions, in the form of small papules on the face and 
limbs, are present in half the cases. Bone changes are present in a 
small proportion. 

The lymph gland enlargement is never more than slight and is always 
painless. One or several groups of glands may be affected : the glands 
are discrete and freely movable and histologically show segregations of 
epithelioid cells and scanty giant cells; The bone changes arc commonest 
in the hands and feet, and consist of well-demarcated deposits of 
sarcoid tissue in the marrow of the phalanges. 

The changes in the lungs may resemble peribroncliial tuberculous 
infiltrations or miliary tuberculosis. 

Uveoparotitis and possibly Mikulicz’s syndrome (chronic swelling 
of the parotid and lachrymal glands) are believed to be manifestations 
of sarcoidosis. 

The nature of sarcoidosis remains unsolved. It resembles tuber¬ 
culosis, and some of the cases ultimately succumb to that infection. 
However, most cases show a negative Mantoux reaction, and attempts 
at guinea pig'inoculation of biopsy material have not succeeded. 
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CHAPTER XIII 


DISEASES OF THE SKULL AND BRAIN 
THE CEREBROSPINAL FLUID 

The existence of a “ tliird eireulation,” unsuspeeted until fifty y<‘ars 
ago, is now clearly recogniz<“d. Cerebrospinal fluid, produced by the 
chorioid plexus of the lateral and third ventricles, circulates through 
the ventricular system and over the surface of the brain, and is absorbed 
into tlu‘ blood stream in the venous sinuses of the dura mater. 

The Production of Cerebrospinal Fluid. It has long been aeknow- 
leilged that the chorioid plexuses are responsible for the formation of 
e<Tebro.s|)inal fluid, and Dandy’s work has jait the evidence upon a secure 
experimental basis. In animals, Dandy showed that dilatation of the 
ventricles can be produced by artificial obstruction to the pathway of 
cerebrosi>inal fluid, either at the interventricular foramen (foramen of 
Munro) or in the aqueduct between the third and fourth ventricles ; but 
if at the same operation the chorioid plexus be removed, no fluid is 
secreted and the ventricles remain collapsed. The chorioid jilexus must 
therefore bt* the source of the fluid. 

How the fluid is }m)dueed remains doubtful. The fluid has some¬ 
times been regarded as an active secretion, for its eornjiosition shows a 
remarkably selective process. Very few drugs rea<‘h the cerebrospinal 
fluid, and even the pigments of obstructive jaumlice, which colour all 
transudates and many secretions, are usually withheld from it. 

The fluid differs from every other bodily secretion, in eontaining 
the salts and sugars of the blood but jiractically no proteins. According 
to Mestri'/at. the fluid is a dialysatc, escaping from the blood through 
the colloidal membrane formed by the cells covering the chorioid 
plexus. All the contents of the cerebrospinal fluid art* derived from 
the blood plasma, and salts, sugars, urea and diffusible organic sub¬ 
stances such as alcohol, ether, or chloroform may pass iitto the fluid, 
but colloids are completely excluded. Moi’cover, the flow of eert'bro- 
spiual fluid seems to depend upon physical rather than vital influences, 
for its pressure is regulated by the arterial blood ])ressure, and increases 
whcTi venous stasis is brought about. 

The Course of the Cerebrospinal Fluid. From the chorioid plexuses 
l.he fluid passes through the ventricular system and escapes through 
the openings in the roof of the fourtli ventricle, the central rounded 
foramen of Magendie and the two lateral slit-like orifices of Luschka, to 
reach the subarachnoid space. Here it filters through the large sub- 
araclmoid cisterns, the eisterna inagna on the dorsal surface and the 
cistema pontis and its cxtensioiihs ventrally. A small quantity of the 
fluid passes along the membranes of the spinal cord, but the larger 
portion percolates upwards over the surface of the brain. Finally 
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it is absorbed into the venous sinuses, especially those over the 
cerebrum. 


Absorptioii of Cerebrospinal Fluid. Weed and his collaborators have 
demonstrated clearly that the fluid is absorbed into the blood prin¬ 
cipally through the arachnoidenl villi. These are delicate structures, 
composed of arachnoid luater situated in relatioTi to the venous sinuses 
of the vault and the anterior and middle fossa' of the skull. They 
resemble small hcniije of arachnoid membrane, protruding through 
gaps in the dura mater and projecting into the lumen of a blood sinus. 
The villi are capped by mcningoeytes (endothelial cells of the meninges) 
and enclose channels continuous with the subarachnoid space, so that 
the cerebrospinal fluid is brought into intimate contact, with the blood 
and is readily absorbed. In later life some of the villi, especially those 
related to the haeufUE 
of the superior sagittal 
sinus, become thickened 
and ealeifled---the Pac¬ 
chionian bodies. 

The Subarachnoid 
Space. This is an exten¬ 
sive lake traversed by 
innumerable delicate 
strands of tissue, and it. 
forms the pathway for 
cerebrospinal fluid cours¬ 
ing over the brain sur¬ 
face. It covers th(> 
whole surface of the 
brain and spinal cord, 



communicates with the 
ventricles, and extends 
along innuuicrable 
minute channels deeply 
into the substance of 


Fic. 11.*). Site of ul)sur|ituiii of eerel)rosi)inaltluid. 
(A, F), .subaraelinoid space. (U, D), lacuiiir 

laterales. (C), superior lun^itudinal sinus. ((t)< 
fatx cerebri. (II, .1), uraeliiioid vilti. 

(By eourteiiy of Vrofei>sor J. Franer and Mr, N. M. Dott.) 


the brain. The space is bounded by two endothelium-lined mem¬ 
branes, the arachnoid superficially and the pia mater on the deep aspect, 
and it is traversed in every part by a web of delicate interlacing strands 
connecting the two layers. The outer surface of the arachnoid is smooth 
and is closely apposed to the deep aspect of the dura mater, and only 
a potential subdural space exists between the two. The pia mater is 
firmly attached to the brain, following the contour of its surface into 
the sulci, and is prolonged deeply as a sheath around all the cerebral 
vessels. Consequently, in these places the subarachnoid space also 
extends deeply. 

At the base of the brain the pia and arachnoid are widely separated, 
and here the intervenmg subarachnoid space expands to form the large 
basal cisterns. From the deep aspect of the space extensions bounded 
by pia mater pass into the substance of tlic brain, investing the cerebral 
vessels and forming delicate sheaths containing cerebrospinal fluid, 
which comes into intimate contact with every nerve cell.. Thesf peri- 
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vascular spac^ have the function of lymph channels, for there are no 
true lymph vessels within the brain. 

* The fluid-filled cavities of the subarachnoid space are lined by 
delicate mesothelial cells or meningocytes, which resemble the peri- 
jboneum in exhibiting a remarkable capacity for repair. This action is 
called into play in a most striking way when there is an escape of 
o^brospinal fluid beyond its normal confines. If, for instance, in the 
tnatment of hydrocephalus, drainage of cerebrospinal fluid into the 
loose tissues of the scalp is established, a rapid proliferation of the 
leptomeninges occm^, and the leak is closed forthwith. 

Functions of the Cerebrospinal Fluid. In the jolts and jars of daily 
life the cerebrospinal fluid probably tends to protect the delicate nerve 
cells of the brain, insulating them in this way and acting as a sort of 
water cushion. It is of interest to note that the fluid is most abundant 
around the part of the brain that it is most important to protect—^the 
medulla. In pathological conditions the fluid is of value as an inert 
mobile tissue that can be displaced to make room for the cranial con¬ 
tents. Its most important function, however, is that of a vehicle for 
the excretion of the products of metabolism of nerve tissue, in this respect 
compensating for the absence of lymph. It probably acts also as the 
vehicle whereby the internal secretions of the pituitary gland reach the 
blood stream. 


HYDROCEPHALUS 

Brief consideration of the physiology of the third circulation suffices 
to show that hydrocephalus may theoretically result from one of three 
processes, namely (1) increased secretion of cerebrospinal fluid beyond 
the limits of normal absorption, (2) obstruction to the flow in any part 
of its course, or (8) failure in the process of absorption. In practice, 
examples of the first process are rare, those of the third are uncommon, 
and the great proportion of cases are due to the second process and are 
thus examples of obstructive hydrocephalus. Obstructive hydrocephalus 
may occur in adult life, but is most common in infancy. 

Hydrocephalus in adult life is usually due to the pressure of a tumour, 
rarely to obliteration of the ventricular fpramina or of the subarafihnSid 
space by adhesions following lep tomeningiti s. A tumour may obstruct 
the flow of cerebrospinal fluid directly or indirectly. A tumour of the 
acoustic nerve may press directly upon the mid-brain and so constrict 
the aqueduct, or a tumour of the cerebellum may close the pathway at 
the fourth ventricle. More often, however, a tumour acts indirectly by 
displacing the brain stem towards the foramen magnmn. This forms a 
** pressure cone ” by impaction of the cerebeUar tonsils and the medulla 
in the foramen, and obstructs the outflow of cerebrospinal fluid from 
the fomth ventricle. 

Hydrocq[dialus in infancy may result from a congen ital abnog nality 
m may be due to obstruction to the fluid pathway by syp hifiSTmeni n- 
iptis or by adhesio ns following a birth ht^orrhag e^ llie olratruction 
may occur in the aqu<^u<S of Symi^, the forsunina in the ro<^ of tiie 
fourth vmutride may be oodude^ or adheaioiu over the'sucfsce of the 
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bram may bar the progress of the fluid towards its area of absorption. 
Thus the obstruction may be intraventricular or extraventricular. 

In the latter type of case not infrequently a spina biflda co-exfets. 
The spinal defect then acts as a safety valve, absorbing the excess of 
cerebrospinal fluid. Recognition of this coexistent deformity is of 



Fig. 116. Hydrocephalus. The membrane bones of the skull are extremely 
thin, and the fontanelles are of large size. 

(Museum of Royal Cottege of Surgeons of Edinburgh.) 


importance, for surgical repair of the spinal defect may aggi'avatc the 
hydroceplialus. 

In any type of hydrocephalus the end result is the same. The 
obstructed ventricles become dilated, compressing the tissues of the 
brain to a thin shell. The white matter is affected first and in greater 
degree; the grey matter resists for a much longer period. In childhood 
incomplete ossification permits the skull to become enlarged and 
globular, contrasting remarkably with the tiny pinched face. The 
cranial bones separate widely and in the extreme stages parts of the 
skull are represoited only by a thin stretehed-out membrane. 
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DISEASES OF THE SKULL AND BRAIN 

INJURIES TO THE SKULL AND BRAIN 

It is a commonplace that in Jjcad injuries the damage to the brain 
is often out of all proportion to the damage to the skull. Injuries which 
at first sight appear trivial, with no damage to the skull or only a small 
fissure, may prove fatal from their effect upon the brain or its vessels. 
Conversely, gross compound depressed fractures may, though un¬ 
commonly, be complicated by little evidence of injury to the brain. 
Fractures of the skull may cause tearing of cranial nerves or may provide 
a pathway for leakage of cerebrospinal fluid, and thus favour the access 
of infection, but in other respects their importance is small compared 
with the associated damage to th(‘ brain. 

A head injury jiresents a complex physical prt>blem. The efTeets 
are de})endcnt upon the shaj)c and size and speed of the striking force 
and u})on the strength and elasticity and degree of fixity of the cranium. 
Thus at one extreme a blunt injury may cause prolonged unconsciousness 
but no ]iermanent damage to the skull or brain, while at the other, a high 
velocity bullet may ])enetratc th<‘ brain or an airplane ])ropellor may 
slice otfa fmrt of the skull without causing even monu'iitary concussion. 

Aj)art from war wounds, most injuries to the h<“ad are “ blunt ” 
injuries <*aused by the inif)aet of a. larg<' mass. Such injuries eommonlj' 
cause eoneussion and they may give ris(' to all degrees of bruising or 
lac('rations of the brain and to extensive Inemorrhages. intracerebral, 
subdural or extradural. 

Concussion. This stat<“ is eharaeterized by three essential features, 
(1) .sudden loss of con.seiousness, (H) wides])read motor and sensory 
paralysis of variable duration, (6) subsequent eonij)lete recovery apart 
from retrograde amnesia for the events leading uj) to the injury. 

lincoiiseiousness occurs immediately on receipt of the blow. When 
the concussion is slight there is merely transitory giddiness or momen- 
tm*y loss of consciousness, but when more severe the unconsciousness 
may be prolonged. The voluntary muscles and sphincters are relaxed, 
re.spirution is shallow and rapid, the pulse is small and quick, the pupils 
arc dilated and, indeed, every vital activity is suspended. 

In rare instances coiunission aecompuiiied by iiu other obvious 
injury has proved fatal, and in these cases at autopsy the only 
recognizable damage has been widesjiread minute hemorrhages through¬ 
out the brain. 

The Mechanism of Concussion. The brain is supported, as in a 
water bath, by the cerebrospinal fluid inside the closed cranial cavity. 
This disposition of the part, protective as regards the jars and minor 
injuries of daily life, has its own peculiar dangers when the skull is 
subjected to undue violence, for the force of the impact is transmitted, 
according to the laws governing hydrostatic chambers, rapidly to every 
part of the cavity. 

Formerly concussion has bwn attributtxl to a sudden deformation 
of the skull—a llattening in the line of ,the. fp.ree, a broadening in the 
other axis—^whieh has bi‘en thought to produce a transitory anaemia 
of the brain (Trotter) or a wave of pressure transmitted by the cerebro¬ 
spinal fluid through the ventricles and iraph^ing on the floor of the 
fourth ventricle (Duret). ^ 
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The observations of Denny Drown and Russtdl make it necessary 
to modify these views. These workers iiave shown that in animals 
concussion is produced most readily if the head is n4)t Ivxed, i.e., in 
capable of beiriff displaced at the moment of impact. From this it must 
be concluded that eoneiission is due to a sudden <‘han^e iti velocity 
(acceleration or deceleration) rather than to an increase of intracranial 
pressure. The velocity of the force at the momentof impact is thus of 
paramount import.an<‘('. and if the imjiuet is damped down by cushiomiif; 
the risk of concussion is greatly reduced. 

It se(“ms probable that the actual lesion in concussion is a “ mole¬ 
cular disturbance ” of thh neurones caused directly by tin; physical 
stresses due to tin* inifiaet. Most of the chc.raeteristic features of 
concussion can be attribut'd to a transitor*,' paralysis of this sort 
alfecting particularly the hypothalamus and brain stem. Evt'ii the 
unconsciousness or, as he prefers to call it. parasomnia, has been attri¬ 
buted by Jefferson to brain stem jiaralysis. 

Contusions and Lacerations. Tliesc injuries vary in degree up to 
the most severe. They are most extensive at the site of impact of the 
blow, and at the opposite [lole, from percussion tif the brain against the 
skull at this point (contrc-coup). The same mechanism may lead to 
damage to the brain close to the dural partitions, and tin; nerve tissue 
close to the ventricles is often affecit'd. The damaged areas become 
softened and disintt'grated and may bleed. Blood may jiercolate 
through the meshes of the pia-araelmoid or even esca[)e into the sub¬ 
dural space, but more freciuently it is restricted to small areas in the 
brain itself. 

When the dainagt* is extensive it may give rise to focal jiaralytie 
lesions from destruction of nerve tissue, but siuth gross damage is 
unusual. Minor contusions and lacerations owe their chief danger to 
the coincident localized ha?morrhages and reactionary adema of the 
brain. If this stage is survived, the damagetl tissues may become 
sclerotic from neuroglial proliferation, and this sclerosis may subse- 
([uently give rise to after effects. 

CEdema of the Brain. The contused brain, likt* any other bruised 
tissue becomes swollen with extravasated blood and cedema fluid. In 
most eases the twleinatous swelling is limited to the immt diate vicinity 
of the focal ic*sions, but in severe injuries it may be so extiaisive as to 
cause an increase in intracranial tension and ifit<*rfere with the circula¬ 
tion of blood and cerebrospinal fluid. 

The state of “ cerebral irritation ” is generally attributed to oetlcrna 
of the brain, though the evidence for this view is not altogether con¬ 
vincing. This state appears shortly after recovery from the initial 
eonctission and may persist for a few days or considerably longer. 
Usually it reaches its maximum within forty-eight hours after the 
injury. The cerebral condition is reflected in the whole state of the 
patient, who lies curled up on his'side, avoiding the light and rcs<*nting 
all interference. The mental state varies from irritability and drowsiness 
to delirium and even mania, the more excitable states usually super¬ 
vening at night. During quiet phases there is a curious state of sub¬ 
merged consciousness, for although a|^>arently insensible the patient 
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may respond to persistent questioning, but with a long reaction time, 
slowness of thought, and defective memory. 

Intracranial Haemorrhage. Intracranial haemorrhage of traumatic 
origin may arise from rupture of a vessel either in the meninges or in the 
brain. Intracerebral hemorrliages are very common following bruising 
or laceration, but they are usually small, or overshadowed by other lesions. 

Extradiural Haemorrhage. Extradural haemorrhage, though un¬ 
common, is familiar clinically, for it gives rise to a fairly characteristic 
train of symptoms and signs. It follows the rupture of a meningeal 
vessel, often the main stem or a major branch of the middle meningeal 
artery, which is punctured or torn by a fracture of the inner table. 
The onset of bleeding is delayed by the initial collapse and low blood- 
pressure of the concussion period, and its progi-ession is slow due to the 
adhesion of the dura mater to the bone ; and for these reasons there is 
usually a latent period, ftee from pressure symptoms. Since the dura 
is firmly attached at the base of the skull the blood spreads principally 
towards the vault, and also antero-posteriorly. As the haematoma 
increases it compresses the adjacent parts of the brain and increases the 
intracranial tension. Its effects are at first and principally restricted 
to the brain close to the haemorrhage, and only later do they become 
generalized. The brain abutting on the site of haemorrhage is at first 
engorged from venous stasis, and is “ irritable ” ; later, this part of the 
brain becomes paralysed, while a zone of “ irritability ” spreads pro¬ 
gressively to other parts. 

In typical cases these pathological processes may be recognized 
clinically. After the initial concussion and before the bleeding has 
progressed far, there is a latent period, free from symptoms. Then, in 
a few hours or, exceptionally, a few days, there develop irritative 
phenomena due to the venous stasis, related principally to the affected 
side. Later there are paralytic disturbances, at first localized, later 
spreading as more and more of the brain is affected {compression of itie 
brain). Monoplegia, hemiplegia, or sensory loss occur, and paralysis of 
the palate leads to stertorous breathing. The pupil of the affected side 
becomes dilated, whereas its fellow, affected by the irritative zone of 
venous stasis, is contracted. Generalized paralytic lesions and deepening 
coma lead to death. 

An instructive feature of the late stage of compression of the brain 
is the character of the pulse, which is full, bounding and of high tension. 
This is known as the “ compression pulse.” The vital centres of the 
brain stem must at all costs receive their proper nourishment, and to 
ensure this they are furnished with a remarkable compensatory 
mechanism. When the advancing effects of cerebral compression 
approach the medulla, that most delicate vital centre, the vasomotor 
centre, is the first to respond by becoming more susceptible to stimu¬ 
lation and emits impulses which lead to vaso-constriction of peripheral 
blood vessels. This has the effect of raising the blood pressure, and 
since the cerebral arteries, being independent of vaso-constrictor control, 
do not participate, the result is an increased flow of blood to the medulla 
and cons^uent improvement of the nutrition of the yitid q^tres. Thus 
the ** compression pulse ” is a protective phmmnaidn^f " 
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Subdural and Subarachnoid Haemorrhages. Blood may accumulate 
either in the subdural space or in the meshes of the pia>arachnoid. 
The blood may come from a meningeal artery or a venous sinus, or from 
veins or arteries near the surface of the brain. A common source is 
from one of the cerebral veins as they enter the tributaries of the 
superior longitudinal sinus, for these are short venous trunks passing 
perpendicularly from the mobile brain to the fixed dura mater. The 
haemorrhage is most likely to follow a blow on the back of the head, in 
which the brain is suddenly thrown forwards within the cranial cavity. 
In blows directed from one side of the head, the brain is cushioned to 
some extent by the falx cerebri, and consequently is less apt to tear 
the veins. 

Arterial haemorrhage usually is too rapidly fatal to have much 
^significance. Venous bleeding progresses slowly, after a free interval 
due to the initial shock. If the haemorrhage is not sufficiently severe to 
lead to death, the blood clots, forming a haematoma. Small clots are 
absorbed, but large ones tend to persist. 

Chronic Subdural Hcemaioma. Such a collection of blood clot is 
found most often over the parietal region, a short distance from the 
midline. Within a few days it becomes enveloped in membranous 
adhesions derived from the arachnoid mater. This membrane contains 
numerous retieulo-endothelial cells or meningocytes, which phagocyte 
the haemoglobin from the blood clot, and even convert some of it into 
bile pigment, thus imparting a greenish-yellow or coffee colour to the 
affected region. 

Eventually the blood clot becomes liquefied, and forms a cyst— 
traumatic subdural cyst. Such cysts are not intimately connected 
with the brain or dura, and may with care be shelled out. The outer 
parts of the cyst become organized and fibrotic, the centre becomes 
liquefied, and its pigment undergoes absorption. Cholesterol crystals 
may be deposited in large numbers. Such a cyst sometimes tends to 
increase in size through the accumulation of fluid, and may give rise to 
the signs of an intracranial tumour. Its wall may become calcified 
and thus be evident in radiographs. 

Sequelae of Injuries to the Brain 

Any injury to the brain, from a mild concussion to severe lacerations, 
may occasionally be followed by untoward sequelse. Headache, giddi¬ 
ness, tinnitus and ill-defined alterations in disposition are the most fre¬ 
quent. Traumatic neurasthenia may follow more severe injuries. It is 
characterized by an alteration of the mental attitude with instability, 
incapacity for intellectual effort, and attacks of excitement alternating 
with depression. 

Traumatic epilepsy is a rare sequel, attributable to irritation of 
the motor cortex secondary to patchy gliosis in the lacerated area. 
Traumatic insanity is also a rare sequel which occurs in persons with 
an inherited tendency towards mental instability. 

The relation of post-traurtiatic disturbances to a defect in the bones 
of the cranium is a problem of great importance to the surgeon. Often 
the h^adi^^ appears to be centred round the defect; the patient has 
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an unpleasant consciousness of weakness at this point; or tiicre may be 
local pain, and appreciation of variations in intracranial tension, of 
which the normal person is unconscious. In some such cases it appears 
as though the defect itself is responsible for the symptoms, for closure 
of the gap by a bone transjdant may bring relief. IJsjially, however, 
„adh«|iQn of membranes to the brain at this point and gliosis spreading 
dfeeply through the brain are tlie underlying factors. 

In addition to the sequela* mentioned above, there are certain 
complications due to rupture of cerebral nerve tracts at the time of the 
injury. In this category are glycosuria, ]>olyuria (from damage to the 
hypothalamic region), loss of sight, hearing or smell. 

Intrarranial aerocele (pneumoe(*phalus) may also occur. This rare 
condition is characterized by the presence of an air-containing cavity 
within the skull. In the common form, the aerocele lies within the 
stibstancc of the frontal lobe, and it may be so large as to occupy the 
entire frontal lobe and extend back into the parietal lobe. In some 
cases, the air occupies a portion of the subdural or subarachnoid space. 
It may even gain access to the ventricles, either primarily or fr)llowing 
rupture of an aerocele in the frontal lobe. 

In the great majority of eases the aerocele results from a fracttire 
of the cranium involving one of the air sinuses—the frontal sinus most 
often, the ethmoid, sphenoid or mastoid sinuses rarely. At the time of 
the fracture the subjacent dura mater and arachnoid arc torn, and a 
narrow track is formed leading from the air sinus into the brain. When 
the patient coughs or sneezes (or swallows, in the case of the mastoid 
air cells), the increased jnrssnre within the sinus forces air into the 
substance of the brain. 

In a few cases the bone defect has been caused by innannnatory 
erosion of the sinus wall, for example, in mastoiditis or ethrnoiditis. 
It is possible that oc(*asionally an aerocele may result from the action 
of gas-forming organisms, for example, in a brain abscess. 

An intracranial aerocele generally develops several days, or even a 
few wc(*ks, after injury. In the common frontal type it is associated 
with repeated sneezing aiul sometimes with the discharge of cerebro¬ 
spinal Iluid from the nostril. As the aerocele increases in size the intra¬ 
cranial tension rises, and leads to headache, vomiting, drowsiness or 
delirium, and finally coma. In 50% of cases the issue is fatal, either 
from intracranial pressure or from superadded infection. 

Injuries to the Skull and Cranial Nerves 

The skull may be fractured at the site of impact of a blow, from its 
direct violence, or at some distant part from secondary stresses set up 
in the bones. The nature and extent of the fracture depend upon the 
size of the injuring object as well as upon the magnitude of the force. 

A small object inllicta a localized fracture at the point struck. 
The fracture may be compound, comminuted or de[iressed, and it may 
be given various descriptive names—indentation, pond, gutter, punc¬ 
tured, etc. Such fractures are commone|it in the vault of the skull. 
Rarely a pointed object may pass through the mouth or nose and cause 
a direct fracture of the base or pass throu^ ihe orbit and lead to damage 
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of the orbital plate. Where such an injury is caused by ah object of 
small calibre, the wound of entry may be so slight as to escape the most 
careful inspection. 

A large object, inflicting violence over a wide area of tlic skull, 
damages it by a different mechanism. There may be local damage at 
the site of impact, but, in addition, abnormal stresses and strains are set 
up through the whole skull. The base, the least elastic portion, gives 
way first, anh fissures appear, which may extend widely, usually in a 
transverse direction or obliquely'. Not infrequently the lissurcs radiate 
in several directions, and they may cross the mid-line at the base. 

The cranial nerves may be injured in fractures of the base of 
the skull, particularly of the ant(*rior and middle fossse. Nevertheless, 
it is remarkable how often the nerves escape injury, even in vci\v 
'extensive fractures. Often the line of fracture avoids the nerve 
foramina, which arc surrounded by dense bone and so are relatively 
resistant. Fibres of the olfactory tract may be torn in an injuiy to the 
cribriform plate; the optic nerve is liable to be daniagi'd as it lies iit 
the optic foramen ; injury to the petrous bone may rupture the 
abducent nerve ; the facial and acoustic nerves may be injured as they 
lie in their bony canals. 

Healing of a fracture in the membrane bones of I he skull takes j>lacc 
by fibrous union. Usually bony unujii do(*s not take place, and there 
is no formation of callus at the seat of fracture. Occasionally, after a 
long interval, there is a certain amount of ossification between the 
fragments where the fracture crosses a suture line, Init the new bone is 
always very scanty. The lack of new bone formation is generally 
attributed to the fact that osteoblasts are absent from the bones formed 
in membrane. Similar failure of ossification occurs at the site of a 
trephine opening, the edges of which remain clearly delined and little 
altered after a period of years. 

INTRACRANIAL SUPPURATION 

The intracranial infections of surgical interest include extradural 
abscess, certain forms of meningitis, thrombophUibitis of the venous 
sinuses, and brain abscess. These conditions differ greatly in their 
pathological features, and when they occur singly they give rise to 
distinctive clinical effects. Often, however, two or more of them occur 
together, or arise consecutively in the course of an extra-cranial 
juppuration. and in such cases the clinical picture is correspondingly 
confused. 

Primary Sources of Infection. In the great majority of cases 
intracranial suppuration is a sequel to a local septic process. Most 
aften it follows suppurative otitis media or infection of the nose and 
paranasal air cavities, or it may arise as a complication of a compound 
Fracture of the skull. Not infrequently it is due to spread of infection 
From a septic focus in the lip, nostril, or orbit. Ilarely intracranial 
suppuration follows infection from a distant septic process. Intrathoracic 
infections such as bronchiectasis or pulmonary abscess are especially 
ipt to involve the braiii^ presumably owing to the ease with which 
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septic emboli set free in the pulmonary veins may be transported to 
the cerebral arteries. 

Pathways of Infection. Infection may reach the intracranial 
structures by any of three routes, viz.:— 

( 1 ) By continuity of tissue. 

( 2 ) By the blood stream, arterial or venous. 

. (S) ^ special regional pathways. 

It is important to note that lymph vessels offer no route of access 
to the brain. The brain has no lymph vessels, and the cerebrospinal 
fluid occupies a closed system, cut off from neighbouring lymph spaces 
by the endothelial lining of the meninges. It is now known that even 
the perivascular spaces in the brain are not lymph vessels, but exten¬ 
sions of the subarachnoid space, and so also are the perineural spaces of 
the olfactory and optic nerves. 

( 1 ) By Continuity of Tissue. This is one of the most important 
pathways. In a recent investigation by Logan Turner and Reynolds 
it was held responsible in 40% to 50% of cases. 

Infection by this route is common m otitis media, and also in com- 
poimd fracture of the skull. An extradural abscess is the commonest 
result, and if the dura mater is intact the infection generally spreads 
no further. If the dura mater is damaged, however, or if it undergoes 
inflanunatory softening, further spread by direct continuity may lead 
to meningitis or to an abscess in the brain. Even if the dura is intact, 
however, the infection may spread through the wall of a vein, and lead 
to sinus thrombosis. 

( 2 ) By the Blood Stream. Infection may reach the brain by the 
arterial blood stream, either in conditions of general pyaemia or, rarely, 
following erosion of the internal carotid artery by a septic process in 
the neck. In such cases, the usual result is the formation of single or 
multiple brain abscesses, often accompanied by meningitis. 

A much more important route, however, is the venous blood stream. 
This pathway was partly or wholly responsible in over 40% of the cases 
examined by Logan Turner and Reynolds. The process is a septic 
thrombosis, which originates in minute venules at the primary focus, 
and spreads, either in the normal direction of blood flow or against it, 
to the large intracranial venous sinuses. Infection by this route is not 
uncommon in otitis media, when the lateral sinus is especially liable 
to involvement. In this way also the cavernous sinus is infected from 
a septic focus in the lip, nostril or orbit (see p. 274). 

(3) By Special Regional Pathtsays. The most important pathway 

in this category is that of the perineural olfactory sheaths. These 
sheaths enclose endothelium-lined spaces which communicate with, 
and indeed are a part of, the subarachnoid space of the anterior cranial 
fossa. In health the perineural spaces do not communicate with the 
lymph vessels of the nose, but if, as a result of fracture of the anterior 
cranial fc^sa, or of ill-advised operation upon the roof of the nose, the 
olfe^ry i^heaths be laid open, they afford immediate access for infec¬ 
tion. Usually in these cases the result is menii^tis, less commcmly 
an abscess in the brain. ' ^ ; ,.5 

Other special regional pathways, wfaltfli oioc^ionally transmit infec- 
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tion, are the pial sheaths of the optic, auditory and vcstibtilar nerves. 
Rarely a persistent cranio-pharyngeal canal (Rathke’s pouch) has been 
observed to act similarly as a pathway for infection. 

Extradural Abscess. This is nttributablc almost invariably to 
spread of infection from some local lesion. Most often it follows sup¬ 
purative otitis media or infection of the mastoid air cells, or it may 
occur as a complication of compound fracture of the skull, osteomyelitis 
of the cranial' bones, or infections of the scafp. 

In the common form secondary to ear disease the abscess cavity is 
of small size, contains very little pus, and is surrounded by an exuberant 
mass of ^anulation tissue, which lies between the dura mater and the 
bones of the skull. The abscess gives rise to constitutional effects, but 
since its size is small there is rarely evidence of increased intracranial 
’tension or of focal lesions from pressure on the brain. Sometimes, 
however, papilloedema (optic neuritis) occurs. 

Extradural abscesses following compound fracture vary in severity 
with the virulence and the variety of the infection. Not infrequently 
they appear several weeks after the injury and grow slowly to large 
size, giving rise to increasing toxaemia and to signs of an increased intra¬ 
cranial pressure. If the infection is virulent, and particularly if the dura 
mater has been damaged at the time of fracture, the leptomeninges may 
become involved. 

When the skin over an extradural abscess is unbroken, there some¬ 
times develops a hard, tender, localized swelling of the soft parts (Pott’s 
puffy tumour), an inflammatory oedema con^parable to that seen 
superficial to any acute suppurative process, and without other patho¬ 
logical significance. ' 

An extradural abscess may resolve, but if untreated is apt to extend 
beyond the reactive zone of granulation tissue and to lead to subdural 
infection, leptomeningitis or abscess in the brain. 

Acute Leptomeningitis. This may, like extradural abscess, follow 
local infective lesions, or it may follow infection from some distant source. 
The latter type, exemplified in meningococcal meningitis and in the 
meningitis of pneumonia, septicaemia or other disease, does not require 
consideration here. 

Local infection of the leptomeninges is most likely to arise where the 
dura mater has been damaged, as in a compound fracture or by a pene¬ 
trating wound, but it may occur with the dura mater intact^ The 
condition is grave, for the whole subdural space is usually invaded. 
Occasionally, however, if the infection is less virulent, adhesions 
form and lead to resolution of the disease or to a localized subdural 
abscess. 

Thrombophlebitis of the Venous Sinuses. This is a grave and often 
fatal affection. The channel most often affected is the lateral einm, 
which owes its susceptibility to its close relation to the middle ear. The 
disease usually follows osteomyelitis of the mastoid bone secondary to 
otitffi media, and the sinus may be infected by direct continuity or 
along one of its small tributary veins. As a result of the infection the 
endothelial lining of the sinus becomes inflamed and thickened, and 
thrombosis occurs, blocking the lumen. The thrombus behig infected 
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undergoes suppuration and softening, and consequently is very apt 
to break down and to cause general pyaeinie dissemination. The 
thrombosis may esi^end down the internal jugular vein, whiel! may 
then be felt as a firm tender cord in tht* u[)p< r j)artof tl>e neck. Abscesses 
may form in tbe4idtt tissues around tlie vein, and the cervical lymph 
glands are enlarged and tender. The infection may s[)read in other 
directions and lead to meningitis and cerebral abscesses. 

The cavernous sinus may be infected from the lateral sinus, or frt;m 
septic lesions in the soft tissues of the face or orbit, by thrombosis 
spreatling along the angular vein or by way of the pterygoid veiious 
plexus. It is to this complication that insect bites, erysipelas, boils 
and carbuncles in the region of the upper li)) and cheek owe their 
especial danger. Since the two cavernous sinuses are directly connected 
across the nud-line the infection rapidly becomes bilateral. Obstruction 
of the venous pathway and the local effect of the intense inllamniation 
cimibine to cause great congest ioji and <edema within the orbit and in 
the eyelitls and face. The infection may lead to ])aralysis of the third, 
fourth and sixth cranial nerves, whieli lie in. or in tlw wall of the sinus, 
and thus give rise to ptosis, squint and ophthalmoplegia, 'i'he infection 
tends to sjwead along eommunieating venous channels, and in all but 
a few cases is rapidly fatal. 

The superior sagittal sinus is only rarely affected, and then usually 
from septic processes in the skull or sealf). Its pathological features 
ilo not differ from those seen in other sinuses. 

Abscess of the Brain. An absetess in the brain may lx* due to tlirect 
bacterial invasion from some local suppurative process or to luemato- 
genous infection from some distant source. The former is by far the 
commoner mode of origin. 

Abscesses due to local suppuration are most often attributable to 
disi-ase of the middle ear, and the abscesses are situated in those parts 
of the brain that lie nearest to the primary focus, namely, the temporal 
kibe or cerebellum. An abscess in the temporal lobe is usually situated 
in the white matter of the centrum ovale. It is generally attributable 
to sjiread of the infection through the tegmen tympani, and there is 
oft('n extradural and subdural suppuration in the same region. In other 
cases there is no evidence of direct extension, and it may be presumed 
that the infection has been eaiTied along communicating veins. A 
cerebellar abscess, which usually lies on the same side as the diseased 
ear, is often secondary to phlebitis of the sigmoid portion of thti lateral 
sinus, to which it is closely related. 

Much less often the cause of the abscess is to be found elsewhere 
than the middle ear. Suppuration of the frontal sinuses occasionally 
leads to abscess in the frontal lobe, and rarely septic osteomyelitis of 
one of the skull bones has a similar sequel. Injuries to the skull and 
brain provide a portal of entry for organisms, or infection may be 
introduced at the time of injury, and if foreign bodies such as poi*tions 
of clothing or fragments of shrapnel are also introduced an abscess is 
especially likely to occur. 

The character of the absceais de{^e!|i|l$' iipon the vimlence of the 
infection. If acute, the abscess is ill-^iHitcd, ’ and is ipore correctly 



INTRACRANIAL TUMOURS 


regarded as a spreading suppurative encephalitis. A chronic abscess, 
which is more eonnuon, becomes surrounded by a capsule of linn 
fibrous neuroglial tissue, and may remain latent for many weeks. The 
abscess is usually single, and of small size. Its purulent content is 
usually thick, foul, and of greenish-yellow colour, but it may be dark 
brown from ailmixturc with broken-down Wood clot. Staphyloco*;^!, 
stieptococei or pneumococci may be present, but. often the pus apjicars 
sterile w’hen tcsteil by ordinary cultural methods. 

Metastatic abscesses, due to haernatogenous infection, are not. 
infrequent in the course of general pyajmie and sejiticscmie states, and 
are then usually small and multiple. Abscesses may, however, occur 
quite apart from general iiysemia, and in eases where there is no other 
evidence that tlie infection has gained the blood stream. This occurs 
'most often as a complication of intra.lhoraci<’ suppurative diseases, 
bronchieetasi.s, abset'ss of th<> lung, or chronic cm])yema., and it eon- 
stilutcs one of the risks of operations on infective lesions withiri 
the thorax. It seems likely that the special relationship of thoracic 
disease to brain abscess may be explained simply upon the anatomy of 
the circulation, for minute mfcetecl particles set free in the pulmonary 
veins pass directly to the systemic circulation. Not iniVecjuently. 
abscesses following thoracic disease are single. They are situated most 
often in the cerebrum, and since tin* intVction is viruU'ut thej' usually 
progress rapidly to a fatal issue, often by rupture into tlie ventricles. 

INTRACRANIAL TUMOURS 

Intracranial tumours include tumours arising from the brain itselt, 
from its membrane, from the jiituitary gland or from the acoustic nerve, 
as well as some rare varieties. Tumours from these sources vary greatly 
in their morphology, ineidenee, and life history. Many are rajiidly 
growing, inliltrating tumours, unresponsivi* tf» any form of therapy, 
however early ami intensive ; othei's, on tin* contrary, grow slowly, 
and are amenable to surgical treatment. 

The work of Cushing and his associates has done much to dispel the 
earlier fatalistic attitude tow'ards brain tumours. An intracranial 
neoplasm does not now ineA’^itably pre.sagi* death, and in Jin ajjpreeiable 
proportion of ease's a complete eradication may be accomplished. 

Of this latter group the outstanding example is the meningioma, 
which if accessible may, by the exercise of great care, be extirpatetl 
eeimpletely and with safety. Tumours of the acoustic nerve also may 
be removed, though the operation has its special dangt'rs. Some of the 
tumours of the glioma group react well to palliative measures, sf» that 
the fatal issue may sometimes be postponetl for many years. 

It is of obvious importance to have a full ajipreciation of the various 
types of intracranial tumour and of the secondary disturbances which 
they may set up. These naturally vary in form and degree, but all 
types of growth tend, from their situation within the (;ranial cavity, 
to have certain effects in common. In general, they may affect 
(1) the brain, whether by compression, invasion, irritation, ha-mwThage 
or oedema; (2) the intracranial circulation, of blood or cerebrospinal 
fluid ; (8) the skull, by erbsion or invasion, and (4) the spinal cord, by 
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descending degenerations of the nerve tracts. A few tumouns may, in 
addition, affect the meninges,, by invasion or implantation. Rarely, 
the more malignant forms miy invade even the soft parts outside the 
skull, and this is especially apt to occur after a decompression operation. 
Intracranial tumours practically never metastasize. 

The relative JSrequency of different varieties of tumours is indicated 
by Cushing’s statistics, taken from an eTctensive series of 1,146 cases. 
In 48% of these, the tumour originated in the brain itself (various 
types of glioma, including “ gliosarcoma ” and “ sarcoma ”), 19% were 
pituitary tumours^ 12% meniiigioraata and 9% tumours of the acoustic 
nerve. Miscellaneous tumours, including congenital and metastatic 
growths, made up the remaining 17%. 

MENINGIOMA (Dural Endothelioma) 

A meningioma is a simple tumour of slow growth, which is dan¬ 
gerous to life only by reason of its situation in the closed cranial 
cavity. It grows from the arachnoid mater (not, as was formerly 



Fia. 117. Meningioma (dural endothelioma). Tlie tumour, derived from 
the arachnoid mater, has compressed and indented the brain but has 
not invaded it. Note the lobulated character and the vascularity of 
tJie growth. (After Cruveilhier.) 

believed, from the dura mater), and it seems probable that in most 
cases it originates from the araehnoideal villi which lie in relation to 
the large venous sinuses (see p. 263). 

A meningioma is situated most oftqi in the anter^ and middle 
fdsss and on the superolateral surfaoeii of tpio b^jn^ By reason of its 
slow growth, which permits compensatory' chahtg^ 
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brain, it may attain considerable size, and at the time at which 
operation is performed it may be tlie. size of a golf ball or even 
larger. Often the tunmur is closely related to one of the large venous 
sinuses of the meninges, and often it is extremely vascular. More¬ 
over, the vessels in the meninges and bone near the tumour are fre¬ 
quently dilated, and consequently haemorrhage at the time of operation 
may be profiise. Occasionally the tumour is less vascular and more 
fibrous, and it may then become calcified {psammoma). 

A meningioma may extend deeply towards the brain or super¬ 
ficially through the dura mater and the skull. In extending deeply 
it displaces the brain but never invades it, and consequently when 
accessible it may, by the exercise of patience and care, be enucleated 
entire. Sometimes it is sessile, and is atta(!hed to the arachnoid 
'mater by a broad base, but even when peduneulatt*d an<l almost buried 
in cerebral tissue it always retains a definite capsuh*. The dura 
mater superficial to the tumour is lirst thickened by reactionary fibrosis 
and later invaded, and eventually the cranial hones also are affected. 

The effects of a 


meningioma upon the 
overlying cranial bones 
are characteristic and 
important. The bone 
is sometimes invaded 
by tumour cells, but 
more commonly it 
undergoes changes 
from perineoplasmic 
hyperaemia. At first 
there is a simple ero¬ 
sion, so that a cup-like 
depression, sometimes 
bounded by projecting 
osteophytes, appears 
on the inner table. 
Later there is often 
some reactionary new 



bone formation on the Fig. 118. Meningioma (dural endothelioma) pene- 
outer table forming a trating the skull, x 100. The tumour is composed 
, j ’ f 1 1 - solW masses of cells arranged in whorls. The 

nara, smootniy have the general character of endothelial cells, 

rounded swelling imder Near tlie centre of the whorls they are somewhat 
the scalp. Less often shaped, and in other parts they are larger 

““ . ^ . and more rounded. 

bone IS form m per (Laboraton/of RojfalColUte of PhutMam of Edinburgh.) 

pendicular deposits 

which resemble the “ sun-ray ” spicules of periosteal sarcoma. Seen 


in a radiogram, such an appearance is apt to suggest the presence 
of a primary bone tumour, and -the underlying meningioma may escape 


recognition. 

Microscopically, a meningioma is composed of elongated, spindle- 
shaped cells, somewhat resembling fibroblasts, set in a matrix con¬ 
taining collagen’fflwils and hyaline material. Commonly the cells 
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have a whorled arrangement, often around a central blood vessel. 
JLiarger eells of endothelial type may be prt^sent. Often the blood 
vessels are large and numerous, and there may be areas of hsemorrhage. 
In some of Ihe less vascular tumours there are spherical bodies com¬ 
posed of f‘one(‘iitrie lamina* infill rated with ealeium {psammoma 
bodies). 

The course of a meningioma is eharaeterized by slow and, for the 
most part, syraptomless growtii. In aj)proximately half of the eases 
th<‘rc is a history of an injury, often definitely localized to the affected 
part of the skull. The first .and for a long time the only sign may be 
some local disturbance, such as pain of a dull aching character localized 
to the affected region, or unilateral headache. Sometimes the inward 
growth of the tumour may give rise to ftjcal signs such as epileptiform 
convulsions or, if the tumour lies at the base, an ocular paresis. In 
other eases the presence of a bony swelling under tlu* scalp may be the 
revealing sign. In radiograms the changes described above may be 
recognized, and, in addition, if the tumour is very vascular it may be 
possible to see dilated vascular channels in the bones. 

THE GLIOMA GROUP 

This term has been applied to the tumours hitherto called glio- 
sareorna, and sarcoma and to other lesions, as well as to tlu* simph* form 
of glioma, for it is now recognized that all th(*se tumours, whatever their 
appearance and behaviour, are derived from tlu; cells of the supporting 
fabric of the brain, the neurt)glia. The neuroglia, like the actual nerve 
cells, is an ectodermal structure, and it is therefore incorrect to label its 
tumours sarcomata. True sarcoma is extremely rare, for practically 
the only mesodermal tissues in the skull are the blood vessels and their 
supporting framework. 

In the past two decades there have been many additions to our 
knowledge of the pathology and life history of gliomata. On the one 
hand, improvements in the staining methods applicable to nerve 
tissues, which have been introduced especially by nie»tibers of the 
Spanish school of neuropathologists, have render(*d possible an 
accurate appreciation of the histology of brain tumours, and, on the 
other hand, the widespread adoption of surgical measures in this field 
has given a great impetus to fuller investigation. 

Classification of Gliomata 

Bailey and Cushing have emphasized that in brain tumours, as in 
tumours elsewhere, the more primitive the predominating cell the 
more malignant is the tumour’s behaviour. Tumours composed of cells 
resembling adult neuroglia cells are slow-growing, and but for their 
peculiar situation would be non-malignant; tumours composed of 
primitive cells grow fast and kill rapidly. The cells of the neuroglia in 
their development in the embryo undergo many changes of shape, form 
and staining reaction, and in tuii^rs taie cells may revert tp any of 
these primitive forms. Thus it is j^ssible^to clAsstfy a tumour ai^rding 
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to the degree of reversion of its predominant cell type, and the greater 
the reversion the more malignant the tumour. 

This is the rational basis of Cushing’s classification. It has evoked 
much adverse criticism on various pathological grounds, and particularly 
on the grounds that few brain tumours conform strictly to type, many 
show several different stages of cell differentiation, and many caimot be 
classified exactly in any of t he reeognizcd grouj>s ;. but in spite of these 
criticisms there can be no doubt that the classification represents a 
great advance upon any jneviously attempted. For a proper under¬ 
standing of its basis it will be necessary to consider briefly the dev<'lop- 
ment of the neuroglia. 

Development of Neuroglia. Practically all tlu' tissues of the centra I 
nervous system arc derived from ectoderm. At the dorsal surface of 
the early embryo th<‘re appears a rais(‘d “ luairal j)latc,” and this is 
hollowed out as tlic “ neural groove*.” and later dej)ressed below and 
completely separated from the skin seirface*. This is the primitive brain 
a.nd sjunal cord, and at this stage it is re|»resented by a tube, lined by a 
single layer of epithelial cells derived from the surface ectoderm, the 
neural or wMiiUary epithelium. Hardy the cells of a tumour revert to 
this ]>rimitivc type, and the tumour is correspomlingly malignant (the 
so-called nu'dullary epithelioma). 

From this medullary epithelium there deveU»p both the nerve cells 
proper and the supporting framework or neuroglia. The nerve cells 
and their immediate ju’ogenitors so rarely give rise to tumours, that 
their development need not be considered fiirth(‘r. Almost all brain 
tumours arise* from glial tissues, anel the ele*ve*loj)me*ut eif the glia 
must therefore be stuelie*el in ine>re de^tail. Tlu* (irimitive neiuroglia 
cell is the; spongiahlii.<}l, an e longated, some*what spiiielle-shajicd cell 
that e*an be ide*ntilieel by its staining reae;tions uith geilel sublimate. 
Ce;lls of this type are freejuently seen in the creimmon malignant glieirna 
(glieisareoma), anel this tumour may therefore be eeille*el ei spougio- 
blastofna. 

From this spongioblast stage the* eicve*lopii!g neuroglia cell unelergeies 
various moelifications and eventually attains the adult form, the 
astrocyte. This is a star-sliapeel cell with long branching spielery 
processes, one of which, the “ suckcr-ferot,” is attached in elo.se relation 
to a capillary blood vessel, whence its nourishment is deriwd. Astro¬ 
cytes predominate in the simple glioma, which may therefore be called 
an astrocytoma. Two types of astrocyte are recognized, protoplasmic 
astrocytes and fibrillary astrocytes, and either may predominate in a 
simple glioma or astrocytoma. 

One further cell requires to be mentioned—the indifferent cell or 
medulloblast. This is a small, round or carrot-shaped, dark-staining 
cell. Its origin and function are not clear, but it seems probable that it is 
derived from an original cell of the medullary epithelium, and that it 
is bipotential, able to form either nerve ('clls or neuroglia. It is con¬ 
sequently of primitive type, and its tumours, which arise most often in 
the cerebellum, are exceedingly malignant {medulloblastomn). 

Lastly, there two other structures from which tumours may 
occftsio9pt«|Ily arise, the pineal gland and the ependyma or lining mem- 
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brane of the ventricles. Both of these tissues arise from spongio 
blasts at an early stage in the development of the brain, and the 
tumours arising from them may be regarded as gliomata with special 
characteristics. 


. , ; Types of Glioma 

The common tumours of the glioma group fall into three classes, 
distinctive both in morphology and clinical course. Formerly they 



Fio. 119. Glioma of the cerebral cortex. The tumour has extended to the 
surface of the brain and has compressed the' lateral ventricle. 
(Deptainumt of Surgery, Univertiig of Bdluburgh.) 


were known respectively as glioma, gliosarcoma and sarcoma. Since 
** samoma ” is inadmissible for tumours of ectodermal origin it is proper 
that thew terms should be superseded, but it is by no means easy to 
replace them. Th^ following classification may be adopted ;— 

(1) GHioma of slow growth : custtodyf^nm (s^ple 

(2) Glioma of rapid growth: spohglt^laistomiXi^pii^^i^)* 
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(8) Glioma composed mainly of small round cells : medulloblastoma 
(sarcoma). 

In addition, there are rare tumours arising ifrom the pineal body, the 
ependyma, and other tissues. 

(1) Glioma of Slow Growth : Astrocytoma (Simple Glioma). This 
tumour is composed mainly of adult neuroglia cells or astrocytes. It 
is the commonest neuroglial tumour, and it is relatively benign in the 
pathological sense and of slow growth. It occurs at any age and is 



Fio. 121. Glioma arising ficom the roof of the foiuth ventricle. The 
tumour has rilsf^aoed the cerebeBum and has given rise to a considerable 
degtse of hy&rooepbalns. 

‘tDqMrisMsf ef Surrey, rniwnihr tf EAivi>urgh.) 
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common in the frontal lobes and in the cerebellum, less frequent in the 
other parts of the cerebral hemispheres. In adults the frontal lobes are 
affected most commonly, whereas in children the cerebellum is the 
commonest site. The tumour forms a fairly firm mass of indefinite 
outline, merging indistinctly into the surrounding white mattei of the 
brain. It is usually pale an<i relatively avascular, and is therefore 
liable to central degeneration from necrosis. This may proceed, 
especially in the cerebellum, to the formation of a glioniatous cyst, a 
rounded, srnooth-walled space of considerable size, containing clear 
straw-coloured fluid. Sometimes the cyst may replace almost the whole 
tumour, and only a few tumour cells remain in the cyst wall. 

Microscopically, the tumour is composed principally of adult 
astrocyt<*s, which are recognizable in sections prepared by the gold 
sublimate or other suitable methods as star-shaped cells with elongated 
branching processes. The intercellular substance varit's in amount and 
may be clear or traversed by numerous fibrils. Vessels are few and 
well form(‘d, and mitotic, figures arc scanty. The whole appearance 
often may resemble jwlult neuroglia tissue and it may sometimes be 
difficult to distinguish the tumour from the surrounding white matter. 

Tumours of this class are of slow growth, and if the dangers of 
iner(!ased intracranial tension arc overcome by a timely and suitably 
placed decompression ojK*ning, the fatal issue may be postponcid for a 
considerable number of years. In Cushing’s series the average survival 
period was almost six years. 

(2) Glioma of Rapid Growth : Spoi^ioblastoma (Gliosareoma). This 
tumour, almost as common as the first type, differs greatly in appearance 

and behaviour. Its 














Fio. 122. Malignant gUonm (spongioblastoma). 
X 275. The tumour is derived from glia and it 
reproduces the primtive neuroglia ce^,^r,ilp^||io- 
blasts, large, darhfy staining, 8pinlf|[I%|Dapi^^3l8^ 
laminating at one or both poles in wavy processes. 
ti/aboratorjf 6f B»ffal€oUege Phytieiatu efBiii&wgh.) ’ > 


predominant cell is the 
spongioblast, the most 
immature cell of the 
neuroglia scries, and 
the tumour is eorre- 
spondingly malignant. 
It commonly affects 
adults between the ages 
of forty and fifty, but 
may occur at any age 
from ten to seventy 
years,. The frontal 
lobes are the most 
commonly affected, less 
often other parts of the 
cerebrum. The tumour 
forms a bulky soft vas¬ 
cular mass, very liable 
to haemorrhage and to 
central necrosis. It in¬ 
vades the surrounding 
ceretbiial tissue and 
. Often the 
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tumour appears to be eneapsuled, but this apixarance is misle^diu^*, 

for the capsule, wlu(*li consists of brain tissue conipn'ssed by the capidly 

growinjj tumour, itself contains malignant cells. The tumour usually 

does not invade* the 

meninges, but in rare 

eases after an explora- 

tory operation it may 

extend and involve the ™ r A '}f% 

soft tissues of the scalp \ 

and neck. It does not «9 m*' 

metastasize to distant 
parts. A most im- 
portant effect of the 
tumour is to give rise 
to widespread vascular 

changes and cedenia in - .. 

thebniin. Thisccth'ma %# X . 

IS one oi the important , A 

factors leading to the A ' JIN *5|^ 

early fatal issue. v ' ' 

Microscopically, the 
tumour is very cellular, 

and verj' i.leomorldii,-. ,Mulk,bl.»l«..a.. x *»>. A ,„„lig..,..., 

J Mere are round and tiiniour of iJk* (’crclK'lluiii, dfriv'cti from neurogliu, 
spindle-shaped cells of uad reproducing primitive gliu coils of modullo- 

various sizes, so that *'*“*’* 

the growth res(*mbles a (lAtbontUtry uf llnyul Culleyf uj l‘hi/iiu'niuii of Kiliiililirgh.) 

rapidly growing mixed-cell sarcoma. Often giant multinuclear cells are 
present, and there may be syncytial masses. Mitotic ligures, often 
irregular m form, are eomiuon. The tumour is very vascular and there 
are usually areas of degeneration and hajinorrhage. 'i’he high 
malignancy of the tumour is reflected in the ))osl-operative survival 
rate, which in Crushing’s series averaged twelve months. Decompression 
relieves the intracranial tension but has little effect on the eerebral 
a?dema, and operation, therefore, often gives little ticnelit. 

(3) Glioma composed mainly of Small Round Cells: Medullo-blastoma 
(Sarcoma). This tumour, the third member of the glioma group, is 
much less common than those already described, and it has been 
recognized as a distinct type only through the work of Bailey and 
Cushing. It seems probable that formerly it was often regarded as a 
small round-cell sarcoma. It is a tumour of childhood, and almost 
always arises in the cerebellum, either in the vermis or in one of the 
lateral lobes or in the roof of the fourth ventricle. The tumour has a 


Fin. 12a. .Mediillobtiistoniu. x -ilin. A iiiuligiiiitit 
tiinioiir of the eerelK'lluiii, deriv'(‘d from iieiirogliu, 
titid reproducing primitive gliu eells of medullo- 
l)l;o<t 1yi>e. 

(iMborutory of Iloyal uf l‘hii»n'unui of Kihnhiirgh.) 


remarkable tendency to disseminate along the meninges, and numerous 
secondary growths may cover the surface of the hind-brain (sareomatosis 
of the meninges), often obscuring the primary lesion. It is a tapidly 
growing tumour, and, from its position close to the fourth ventricle, it 
is very apt to cause hydrocephalus by obstructing the cerebral acjueduet. 
The tumour is, very respoiii^ve to irradiation, and adeejuate exj>osure 
to X-raysJ^l^^ may effect a remarkable relief of pressure symptoms. 
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Microscopically, it is very cellular. The cells are small, and round or 
carrot shaped, with deep-staining nuclei and scanty cytoplasm, and in 
its whole appea ranee it resembles a round-cell sarcoma. Occasionally 
there is a rosotte-like arrangement. The cells are believed to be 
meduUo-blasts or indifferent cells,” the primitive bipotential cells 
derived from the medullary epithelimn. 


TUMOUR OF THE ACOUSTIC NERVE 


This tumour differs both in its nature and in its effects from either 
of the groups of intracranial tumours already considered. It arises 
from the acoustic nerve, from either its cochlear or vestibular 
fibres, and is a neurinoma derived from the neurilemma sheath {see 
p, 818). Not infrequently there are bilateral tumours. In rare cases 

one of the various 



Fio. 124. Acoustic neuroma. X 275. The Ituuuui 
is composed of leashes of spindle-shaped cells 
resembling the cells of the neurolemma shrath. 
(LabenUory of lio^ai College of Phytieiam of Edinburgh.) 


forms of neurofibro¬ 
matosis coexists. 

The tumour is of 
slow growth, benign 
and encapsuled, dan¬ 
gerous only from its 
close proximity to im¬ 
portant structures. The 
tumour arises usually 
in that part of the 
acoustic nerve which 
lies immediately out¬ 
side the main cranial 
cavity in the internal 
acoustic meatus. It 
forms a fibrous, grey 
or greyish-yellow mass, 
firm and solid at first, 
though later with small 
areas of degeneration 
at the centre. The 
nerve fibres do not 


traverse the tumour, 

neither are they spread over its surface, hut are completely engulfed 
and lost. The tumour slowly dilates the internal acoustic meatus 


and protrudes into the cranial cavity so that it lies in the angle 
between the pons and the cerebellum, forming a more or less oval 
mass which may attain a long diameter of 8 to 5 cms. As the 
tumour arises deep to the point at which the nerve pierces the dura, it 
is invested in a capsule of arachnoid. In its expansion it encroaches 
upon Hie major branches of the basilar artery, which becomes incor¬ 
porated in the capsule. Hemorrhage from one of these vessels con¬ 
stitutes a formidable risk at opej(;^th^.i^tuated as it is in the confined 
subtentorial oavi|l^^ the tunmur,«ii!^d^ijP^ causes much damage 
by in^ungihg cm adjacent structiuiSr stretched 
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and paralysed, the cerebellum is affected, and, most important of all, 
the pons is dislocated far firom its central position, compressing and 
obstructing the cerebral aqueduct and leading to liydrocephalus. 

Microscopically, the tumour is composed of interspersed zones of 
dense and of lax connective tissue. In the dense areas elongated 
or spindle-shaped cells are buried in a dense interlacing fibrous stroma. 
The cells are for the most part scanty and scattered diffusely, but they 
may be numerous and arranged in whorls. The nuclei usually present a 
palisade aitangement. Interspersed irregularly in small patches are 
areas of lax connective tissue with a loose reticular and almost 
myxomatous appearance. 

The effects of the tumour are characteristic, and arc clearly reflected 
in a striking chain of clinical features. For a long time the only effect is 
interruption of the fibres of the two divisions of the acoustic nerve, 
and cither the cochlear or the vestibular division may be affected 
first. There is therefore a history that for a period of years there 
has been progressive unilateral deafness, often with tinnitus and some 
giddiness. 

As the tumour expands the internal acoustic meatus, and begins to 
encroach upon the cranial cavity, it may cause pain, of a dull, aching 
character in the suboccipital region and below the ear. 

With further increase in size the tumour affects other cranial nerves, 
which become stretched out by the dislocation of the mid-brain towards 
the opposite side. The trigeminal nerve is usually the earliest to be 
affected and there may be numbness or a sensation of burning in 
the field of its distribution. Involvement of the facial nerve may 
later lead to some degree of facial paresis. The abducent nerve, 
though close to the site of the tumour, escapes damage at first on 
account of its length, which allows a certain degree of stretching. 
Later, however, its involvement leads to diplopia and strabismus. 

Further enlargement leads to pressure upon the cerebellum, with 
ataxia and nystagmus. Most important of all, even a small tumour of 
the acoustic nerve may dislocate the mid-brain sufficiently to cause 
obstruction of the cerebral aqueduct, and may form a “ pressure cone ” 
by forcing the brain stem into the foramen magnum; and with the onset 
of internal hydrocephalus there arise all the signs of increased intracranial 
pressure. The nystagmus is increased, vomiting of the cerebral type 
occurs, and there is an extreme degree of papillcedema. 

UNCOMMON INTRACRANIAL TUMOURS 

Angioma. An angioma in the brain is situated most commonly 
in the cerebellum. It is a congenital tumour and may be associated 
with angiomata in other parts of the body or with other congenital 
malformations, and it may have a familial incidence. 

Cushing and Bailey divide angioma of the brain into two major 
groups, the angiomatous malformations and the true neoplasms or 
angio-blastomata. . s'* ff- 

(1) Angiomatous^^AlalfbrfAa^ciQS are developmental in origin and 
are some6^iies|! alK^tCd witK Cohgeihital nsevi of the scalp. They 
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may b(? venous orarlerial in character, rarely cajuJlary. The dilatetl 
vesst^ls arc situated on the surface of the brain, generally over one 
cerebral hemisphere. There may be a simple enlargement of a single 
vessel, a tangled varicosity of several vessels, or a eonij)licat,cd racemose 
dilatation extending widely over the surface and also deeply into the 
substance of the brain. 

Such malformations may give rise to attacks of Jac'ksonian epilepsy, 
to unilateral exophthalmos and to inercased Intracranial tension with 
papill(x-dema. An arterial angioma, or a venous one that has acquired 
scef»ndnry communication with the arterial system, may give rise to 

a bruit, which, though 



Fks. 12.1. Kpoiuiyiiinl ^ 27.j. Tlii* tunuiur 

is derived from iivuro(!:lia cells uiid reproduces the 
]>rimilive slrueturc* of the ependymal lining mem- 
hriiiie of the veiilneles. Some of the cells are 
tUTanged in palisade fashion round a semilunar 
.spiM'e. Near ihe left margin is a pscudo-rosi>11e 
(Lahoriiliirji of Ho/ial VoUfiir of /'Aj/xirwin* of Kdinuortih.) 


not so loud as that 
caused by an art<>rio- 
venous aneurj'sm, may 
yet be distinctly 
audible with a stetho¬ 
scope. 

(2) The a n g i o- 
blastoma is a true 
tumour composed of 
cells of angiobhistic 
origin. It is situated 
almost always in the 
cerebellum, generally 
near the midlinc close 
to the posterior cud of 
the fourth ventricle. 
It may be solid or 
cystic. 'I'hree types are 
recognizable on micro¬ 
scopic examination, 
according as the 
structure is mainly 
capillary, mainly 
cellular or mainly 
cavernous In its 


clinical course, it resembles closely and is mistaken sometimes for 
simple glioma. 

Dermoid Cyst. A dermoid cyst inside the cranium is rare. It 
may arise cither in the brain, especially in the cerebellum, or in the 
sulKlural or epidural space and may grow slowly and eventually attain 
large size. Occasionally an extradural dermoid cyst communicates 
through a small aperture in the bone with a cyst in the soft tissues of 
the scalp or face, especially at the external orbital margin. 

Tumours of the Pineal Gland. These are of the nature of gliomata 
or teratoma. Both varieties affect young adults, usually of the male 
sex. They do not grow rapidly, but from their situation may tend 
even W'hen small to obstruct the cerebral aqueduct and to lead to 
hydrocephalus. The first signs, ^nd ilPteh the only.pnes, may be 
those of increased intracranial tension.' Soiuetimei^v ,j^il||cspccially 
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in the case of a teratoma* there is some degree of sexual precocity, 
which is believed to he due to an increased functional activity of the 
gland. 

Tumours of the Ependyma. The e|>endynia, tlic lining membrane 
of the ventricles, is derived from spongioblasts, which early in their 
histogenesis become differentiated from the cells destined to form 
the neuroglia. Ependymal cells are characterized by the possession 
of cilia and liny, rod-like, deep extensions of their protoplasm - 
tiiepharoplasts. Hoth tliese characteristics may be reproduced in the 
tumours. Ependymal tumours occur usually in relation to the fourth 
ventricle. They are of slow growth but lead rapidly to obstructive 
hydrocephalus. They may be found, rarely, in other parts of the 
ventricular system, 

• Sarcoma. It seems probable that a true primary sariioma in the 
brain is of extreme rarity, and that the majority of tumours pre¬ 
viously regard<‘d as of that naturi' arc gliomata. A true malignant 
inesoblastic1umonrmayari.se from the perivascular connective tissue. 
Occasionally a sarcoma in .some other part of tli<> body may metastasize 
to the brain. 

Tuberculoma. This is a tuberculous muss, cither a s»ditary follicle 
or, more commonly, several conduent nodules. It occurs most often in 
children, and usually affects the cerebellum or the frontal lobe, anti 
forms a lump which at (irst is firm and rouiuled, but later caseutes. 
It may attain the size of an egg, and, especially when situated in the 
cerelieilum, gives rise to clinical features which may simulate those 
of a tumour. It commonly leads to a fatal issue by infecting the 
meninges. 

Gumma. A gumma originates in, or close to, the meninges as single 
or multiple nodules. The nodules are grey or greyish red, and, in their 
progress, they rcsemblt; guinmata elsewhere. They tend to undergtj 
central softening and, later, to heal with the production of much s<*ar 
tissue and with serious cerebral impairment. 

EFFECTS OF INTRACRANIAL TUMOURS 

The symptoms of intracranial tumours fall naturally into two 
groups—^those due to the local effects of the tumour upon the adjacent 
brain and membranes, and those which result from an increase ol' 
intracranial tension. 

Those of the first group are the focal symptoms, which vary 
with the situation and character of the individual tumour. Their 
consideration would include the whole subject of topographical diagnosis, 
which is outside the scope of the present work. 

The second group includes the classicai triad, headache, vomiting 
and papilloedema (optic neuritis), and also giddiness, convulsions, 
changes in mentality, and the signs cliaracteristic of hypopituitarism. 

Headache may be due either to localized pressure of the tumour 
or to a general increase in the intracranial tension. Local pressure 
pain is most characteristie ed meningioma, or it may occur when an 
acoustic: tumour expands the auditory meatus. The pain is 
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usually localized to one side of the head or even to a particular spot, 
and, in the case of a meningioma, there may be tenderness on pressure. 
Subtentorial tumours sometimes give rise to pain referred to the nape 
of the neck. Headache from increased intracranial tension is most 
severe with tumours that lead to internal hydrocephalus, such as 
tumours of the acoustic nerve, the cerebellum and the fourth ventricle. 
The pain is paroxysmal, worst at night and in the early morning, and 
is precipitated by any action, such as coughing, straining, or pressure 
upon the veins of the neck, which will lead to an increased tension 
inside the skull. Cerebral oedema is probably an important cause cf 
headache. 

Vomitings like headache, is most frequent at night and in the early 
morning. It is probably due to increased intraventricular pressure, 
which affects the vomiting centre of the medulla. It is most frequent 
when internal hydrocephalus is present. 

Papillcedema (optic neuritis) is a state of venous congestion of the 
optic disc and retina. It is due, in all probability, to compression of 
the central vein of the retina as it leaves the optic nerve and passes 
across the subarachnoid space of the optic sheath. It is most obvious 
with tumours of the temporal lobe, the cerebellum and the fourth ventricle, 
and may be absent in subcortical cerebral tumours. The optic cup of 
the retina, normally depressed below the surface, fills up with oedema 
and may even project above the general retinal surface. The 
oedema spreads to the retina around it, the veins become greatly 
engorged, haemorrhages may occur, and eventually secondary optic 
atrophy develops. Vision may remain unimpaired for a long time, 
but eventually there may be total blindness. 

Giddiness may be a symptom of general increase in pressure or it 
may result from a direct effect of a tumour upon the apparatus of 
equilibration. It is seen most often with tumours of the acoustic nerve, 
the cerebellum and the pons. 

Hypopituitarism is a secondary effect of an increase of intracranial 
pressure, and is especially common when the tumour has given rise to 
a state of intemal hydrocephalus. The floor of the third ventricle dilates, 
exerts pressure upon the base of the skull, and leads to erosion of the 
clinoid processes and flattening of the pituitary fossa. Either from direct 
pressure upon the gland itself, or from obstruction to the flow of its 
secretion into the cerebrospinal fluid, there results a condition of 
hypopituitarism, with obesity, polyuria, increased sugar tolerance and 
sexual infantilism. The effect of intracranial tumours upon the pituitary 
may be demonstrated in radiograms, for erosion of the clinoid processes 
and enlargement of the pituitary fossa are well recognized radiographic 
signs of increased intracranial tension. 

Affections of the cranial nerves may result &om hydrocephalus. 
They are believed to be due to stretching of the nerves from downward 
displacement of the brain. The abducent nerve is involved most 
commonly, occasionally the trigeminal and rarely the oculomotor and 
fhchd. It is important to recognize, that th«e disturbances are merely 
evident^ of intracranial hyperter^ion. tliey afe of value in the 
localization of the'tumour. 
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DISEASES OF THE PITUITARY GLAND 

It is a cause of wonder that so small an organ as the pituitary gland 
should f)lay so important a pwirt in the growth of the Ixaly and its meta¬ 
bolism. The gland is eomieetetl by the infundibulum to the tuber 
einereum of the floor of the third \ eidricle. It is lit tie larger than a pea, 
yet it exercises, through its internal secretions, a profound influence on 
growth, sexual functions, metabolism, etc. 

It consists of four parts—anterior, intermediate, tuberal, and 
nervous—which differ from one another in derivation, in structure, and 
probably in function. The pars anterior is usually spoken of as the 
anterior lobe, and tlie jMirs intermedia and pars nervosa together as 
the posterior lobe. Between the two lobes there is a cleft-like space 
, which contains glairy fluid. The jiars anterior and the pars intermedia 
are ectodermal in origin, and arise from a tubular protrusion of the oral 
epithelium. 'Fhe pars nervosa also is of ectodermal origin, but is 
derived from the neural cctcwlerm, and arises as a downgn)Wth from the 
floor of the third veniricic. The pars tuberalis is form<-d from a separate 
outgrowth of the oral ectoderm, and in some animals it remains s(‘paratc 
from the rest of the gland. 

Histological Structure of the Pituitary Gland 

The pars anterior is composed of two distinct kinds of cells- -clear 
and granular. The clear cells are known as chromophobe cells, and the 
granular as chromophil cells. There are two types of granular cells— 
basophil and eosinophil; both are derived from chromophobe (mother) 
cells, and by special staining methods transitional types of each can be 
recognized. Normally the chromophobes constitute 52%, the eosinophil 
a7%, and the basophil 11 % of the cells in I he pars ant erior. The basophil 
cells are increased in number following castration and after thyroid¬ 
ectomy. 

The pars intermedia (poorly developed in man) is a thin strip of 
tissue composed of clear non-granular cells, amongst which there are 
vesicles filled wit h colloid. In places its cells extend into the pars nervosa 
and undergo degeneration to form hyaline or granular colloid material. 
These “ colloid bodies ” pass upwards through the pars nervosa and 
are eventually set free in the cerebrospinal fluid of the third ven¬ 
tricle. The colloid is therefore regarded as the active secretion of 
the pars intermedia and is probably derived from the basophil cells of the 
anterior lobe. Its production is greatly increased after thyroidectomy. 

The pars nervosa is composed of neuroglia and ependymal cells. It 
contains no cells of a definitely neuronic character. Developmentally 
and functionally the posterior lobe participates in the complicated pro¬ 
cesses attributed to the hypothalamus, from which it is an outgrowth. 

The pars tuberalis is different in structure from the rest of the 
gland. It surrounds the infundibulum and forms a sheath for it, and 
the base of the brain spreads over the tuber einereum. The pars 
tuberalis is exceedingly vascular and looks not unlike thyroid tissue ; 
it contains areas of squamous epithelium formed, it is believed, by a 
process of metaplasia. In lower vertebrates this part of the gland 
controls m^lanophore activity. 

S. MTB 
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. The Functioiu of fhe Pituitary Gland 

Knowledge of the functions of the pituitary gland, though still 
incomplete, has been greatly enhanced If' clinical, pathological and 
experimental observations, and it is now proved that the gland (Xicupies 
a dominating position in the endocrine system, governing directly or 
indirectly a surprising number of biological processes. 

The anterior lobe provides at least six or more hormones. T^ey 
are: (1) gonadotropic: which controls the development of the sex 
glands and the various phases of the reproductive cycle, ^he large 
quantities of the hormone found from an early stage of pregnancy in 
the urine and blood are the basis of the Aschheim-Zondek biological 
test for pregnancy. (2) Growth : which conrix)ls skeletal development 
and the time of fusion of epiphyses. (8) Thyrotropid: suggested by 
the experimental observations that hypophysectomy causes thyroid 
atrophy, whose effects can be controlled by replacement thwapy. 
Excessive dosage of extracts of the pituitary leads to hyperplasia of the' 
thyroid and a condition resembling toxic goitre. (4) Adrenotropie: 
which controls the size and activity of the siiprarenal cortex. (5) Lcusto- 
genic: which promotes lactation at the end of pregnancy, and is believed 
to confer the “ mother instinct ” in animals. (6) Diabetogenic and 
ketogenic: suggested by the observatlfps that (a) diabetes disappears 
from a depancreatized animal after hypophysectomy, and {b) thai 
injections of anterior lobe extract will produce diabetes and ketbnuria.' 

The posterior lobe may be removed without fatal result, and, indeed, 
without demonstrable effect. Very little is known of its normal phyi^ip- 
logical action, but it is believed to participate in the important metabohe 
functions subserved by the hypothalamic nuclei. The extract of the 
posterior lobe (pituitrin) has very active pharmacological and honnqnic 
effects, but its mode of action in normal conditions is not yet determined. 
The extract contains two easily separable active principles —pitresein 
and oscytocin. Pitressin raises blo^ pressure, stimulates peristfdsis, 
antagonizes insulin and suppresses the diuresis which follows a large 
intake of fluid. Oxytocin is a powerful stimulant of plain muscle andj): 
terminates pregnancy, and in this properly antagonizes the hormone, 
of the basophil cells of the anterior lobe of the pituitary. 

Syndromes of Disorders of the Pituitary Qand , ^ 

In the light of the known and suspected functions of the pi|uitary, 
the origin and features of its diseases are easily understandable; and 
it is obvious that not the pituitary entirely but other endocrine glands, 
especially the sex glands, share in producing the familiar clinical 
syndromes. •' 

(1) Pituitary Deficiency (Apituitarlsm and Hypoifituitarism). !Hie 
nuu^estations of deficimicy vary according to the extent to t^hkh 
activity' of the gland is suppressed an^ the age of onset. The anterimr 
lobe may be completely destroyed by a seprih^mbolism (as in puerperal 
fevor), % syphilis, cysts, tuberculo^i arid oth^ causes. The resdlt is 
complete apituitarism—^Imown a;o SUliSnmd’* disease. The oonditi^ ^ 
commonest in adidt females, butin chiltfiioad. th 
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hood the deficiency is characterized by a striking premature ageing (pro¬ 
geria). In adults, in addition to premature ageing, there are gonadal 
atrophy and early and complete amenorrhoea. The viscera, particularly 
the intestines, undergo atdll|>hy and the other endocrine organs are 
diminished in size. There is usually very marked arterial hypotension 
and sometimes hypoglycsemia. 

Less sevare grades of deficiency are much more (»mmon. They 
may be due' to delayed development of the gland, hydrocephalus, or 
the destrpctive effects of tumours. In children the most striking 
changes are infantilism and adiposity. With infantilism the body is 
not necessarily short but is slender. The sexual organs are immature, 
secondary sexual characteristics fail to develop, and puberty does not 
occur. Obesity'may be generalized, or may be localized td the pubic 
• area (dyatrophia* adiposa genitalis). 

In ydting adults the most notable changes are depression of the sex 
function and obesity with increase of carbohydrate tolerance. In men, 
there are depression of sexual activity and genital atrophy. In women, 
amenorrhoea is often an early manifestation, and later the genital 
organs involute. 

(2) Pituitary Over-activity (Hyperpituitarism). Pituitary over¬ 
activity is most commonly due to excessive secretion of the eosinophil 
cells (hyperpituitarism), and ^uch less frequently to exaggerated 
activity of the basophil (basophilism): there is a syndrome characteristic 
of each. The Matter is often associated with pathological changes in the 
suprarenal cortex. 

(a) When hyperpituitarism develops during the period of growth, 
gigantism occurs, in later life acromegaly. 

In gigantism growth of the skeleton continues beyond the usual 
pcfiod of adolescence, and the epiphyses remain ununited. In addition, 
the organs often remain atrophic, and the secondary sexual characters 
are under-developed. 

In acromegaly the most obvious changes are overgrowth of the 
skeleton, most definite in the skull and facial bones, and in the vertebral 
%}lqmii and phalanges. The chief changes in the skull are increased 
thickness of the bones and enlargement of the natural ridges. In the 
face the zygomatic bones become prominent, the mandible enlarges 
'(prognathism), and as the teeth do not enlarge coincidently with the 
iawthey may be widely separated. Kyphosis in the thoracic region is 
the most notable change in the vertebral column. The phalanges are 
en|arg^ and exostoses may develop on them. 

, In prolonged hyperactivity the skin and subcutaneous tissues 
become thick, inelastic,'and coarse. Other soft organs may be en¬ 
larged : the nose is broad> the lips thick, and the tongue hypertrophied. 
Inj^emal organs also, e.g., the colon, may be enlarged^^ 

(b) In over-activity of the bai§ophil cells arising from an adenoma, a 
very characteristic syndrome m^i^develop—^the pituitary basophilism of 
Cushing. The features of this condition resemble closely those of a 
tumour of the adrenal ecH:ex (se« p. 60iS), and it may be difficult to 
asondain whether pituitary or adreiuil gland is responsible. 

J^lowever, it hiu been s^wn b^ biological and colorimetric 

' ■ ' ' . lO—a 
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assays of the urine that, especially in females, the androgen output per 
day in the case of adrenal cortical tumours is as high as 250-300 inter¬ 
national units (normal 16 to 80 units), whereas in Cushing’s syndrome 
the androgen output lies within the usual limits or is slightly lower 
than normal. 

It affects women much more frequently than men. The onset is 
fairly abrupt with a marked increase of the subcutaneous fat of the 
face, neck, and trunk. The skin assumes a dusky or plethoric appear¬ 
ance, and j)urple lineae atrophicse may develop. Hirsuties is a striking 
feature. The patient suffers from backache and abdominal pains and 
is easily fatigued. In women amenorrhcea occurs early, in men 
impotence. There is commonly pronounced decalcification of the 
skeleton which may lead to kyphosis, and, in many instances, to fractures 
of the long bones. A very constant .•'eature is vascular hypertension 
and a tendency to polycythaemia. The urine may contain a follicle- 
stimulating substance. At f)ost-mortcm, hy[)ertrophy of the ovaries, 
the thyroid gland and the su|)rarenal cortex is commonly present. 

(3) Additional Signs of Disease of the Hypophysis, (a) Diabetes 
insipidus is an inconstant feature; it sometimes results from the 
pressure of suprasellar tumours. It is now conceded that the extreme 
polyuria, excessive thirst and emaciation are due to involvement of 
the hypothalamic nuclei which control water-metabolism. The pituitary 
may be destroyed or removed without the occurrence of diabetes 
insipidus, yet even if the pituitary is not implicated, injections of 
pituitrin are usually effective in controlling the polyuria. Thyroidec¬ 
tomy may benefit intractable cases. 

(5) Adiposity, tbougli often a very striking feature, is an inconstant 
one. It is much commoner in young subjects. It is probable that the 
adiposity is secondary to atrophy of the sex glands and therefore 
resembles the obesity that may follow castration. 

TUMOURS OF THE PITUITARY GLAND 

Tumours are the commonest diseases of the pituitary gland and 
account for about 15% of all intracranial tumours. They are classi¬ 
fied according to the tissue from which they arise, and a<’cording 
to their position relative to the gland itself. A simple adenoma is 
bv far the conimonest. It arises in the anterior lobe, and while 
small is entirely within the sella turcica— i.e., intrasellar. It is 
named chromophobe, chromophil, basophil, or transitional, according 
to the pattern of cell which predominates. An adeno-carcinoma may 
occur but is exceedingly rare. The other common tumours arise in 
relation to the pars tuberalis and arc of epidermoid character (cranio¬ 
pharyngioma), and, in exceptional cases, from the interglandular cleft 
in the form of a distension cyst ol’ an embryonic vestige (Hathke's 
embryonic invagination of 4110 stomodeum). The epidermoid tumours, 
from their anatomical }X)sUwon aiid their common (though not invariable) 
cystic character, are known 

Primary tumours in the pars< i^e unknown, but it is fre¬ 

quently the seat of roetastases. 
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Pituitary Adenoma 

The adenoma is 
a small tumour, usually 
of pale yellow colour, 
bxit may become a 
dark maroon from ex» 
travasated 'blood.' It 
is soft or linn, aerjord- 
iiig to the rate of 
growth and, like other 
adenomata, may under¬ 
go cystic degeneration. 

The chromophobe 
adenoma is muel) the 
commonest type and 
occurs between the ages 
ol‘ twenty and forty 
years. It is composed 
of grou|>s t)f clear, non- 
granular cells of an 
embryonic type (.vtr 
Fig. 12(5); they may 
be arranged in alveoli, 
Mat sheets, or in paji 



Fifi. rja. Chroinopliobt' udeiioiim <>f the hy|M)|>liysis. 
'I’he cells arc large, iioii-graiiiilur, hiuI tiiuforin in 
shape and si/.c. 

(iMhornUiry of Uoynt (UMeiir of of Kihntmrijh ) 


ary formation. The tumour furnishes no 


endocrine secretion, and its [lathological etfecls are due to the 


[iressure it exerts on the hypophysis. The constitutional ellect of 


such a tumour is there- 



Kic. 127. Chromophi] adenoma of the byixiphysis 
from a case of acromegaly. The siniiaoidaj character 
of the normal anterior lobe la losti* The celh» are 
large and irregular, and the tiiajorit^ ate iiefa|||C^hil. 

{liobiiratt^ of BaytU CMm ^ 


fore hypo[)ituitarism, 
in which t.lu'rc may be 
inhibition of both 
growth and matura¬ 
tion. 

The chromophil or 
et^inophilic adenoma is 
usually of smaller size 
and is composed of 
richly granular 
cells that resemble the 
normal epithelium of 
the anterior lobe (see 
Fig. 127). Chromo¬ 
phobe cells also are 
almost always present 
but they are not of an 
embryonic type. The 
tumour, although it 
impinges upon and 
destroys the hypo* 
physis, produces an 
endocrine . secretion, 
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wad it is constantly associated with the syndrome hyperpituitarism, 
ttsualfy evidenced by marked sex dysfunction. As it is most common 
after the age of twenty years, acromegaly is the usual result. 

The transitional or mixed adenoma is composed of chromophobe 
cells with eosinophilic cells in varying numbers. It is usually larger 
than a pure eoshjigophilic adenoma. It destroys the gland, but on 
account of its contact of eosinophil cells it maintaina the secretion, with 
the result that there may be blending of the features of hypo- and 
hyperopituitarism. The conunon age of occurrence is twenty to forty 
years. 

The basophil adenoma is the rarest type of pituitary tumour. It is 



Fiu. 128. Pituitary adenoma. Note the expansion of the sella turc-ica. 

(Sy eourtfty of Dr. Seoft Part.) 

usually small, seldom more than 2 cm. in its greatest diameter, and 
therefore pressure effects are lacking. Microscopically, it resembles 
an eosinophil adenoma, but with special strains the cells are found to 
contain basophil granules. The tumour may be associated with 
Cushing’s syndrome or basophilism ” {see p. 291), but the relationship 
is not a constant one, and sometimes a basophiladenoma causes no 
symptoms. When present it has been observed that the basophil cells 
of the gland show degranulation of their c}rtoplasm but the cells of the 
tumour are imaltered. 

Adenocarcinoma is exo^^Hedingly ^ composed of cells 

chromophobe type arranged ,jn groups;, or solid cords; 

it is very vascular, and cystic d€gen<^!!ii^|g^tj|g^ in it. 

The tumour destroys the hypophyris, lllp'imr m^SwByiMiies and 
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nerves, and causes paralysis. Metastases may occur in the liver and 
elsewhere. Most cases have occurred after the age of forty-five years; 

Cysts of the Interglandular Cldl (or Rathke’s Pouch). In rare 
instances a cyst may develop in connexion with the epithelial lining 
of the interglandular cleft. It is lined with a single layer of columnar 
epithelium which may be ciliated. The cyst is'intraglandular and 
intrasellar in origin and therefore destroys the gland, and by extension 
may produce local pressure effects. 

The Local Effects of Adenoma of the Pituitary 

Growth of an adenoma is much restricted by the bony boundaries 
of the sella turcica and its dural roof—the diaphragma sella*. It is 
therefore not surprising that the gland is gradually compressed and 
destroyed by the expanding tumour. In its attempt to secure accommo¬ 
dation the tumour expands the bony walls of the sella turcica, which 
in a radiogram shows a characteristic globular distension {see Fig. 128). 
Finally, the bone may be eroded so that the tumour projects into the 
sphenoidal air sinus and may lead to epistaxis and pharyngeal dis¬ 
charge. Lateral expansion of the tumour compresses or displaces the 
cavernous venous sinus and may paralyse the oculomotor or the 
abducent nerve ; occasionally the ophthalmic and maxillary divisions 
of the trigeminal nerve are affected. Upward extension causes stretching 
and occasionally rupture of the diaphragma sella*, and when that happens 
the tumour may impinge on the optic chia.sma. As a rule it is the antero¬ 
inferior part of the chiasma that is subjected to pressure, and primary 
optic atrophy with blindness occurs. The characteristic change in the 
visual field is bitemporal hemianopia manifest first in its upper lateral 
quadrant. At a later stage the hypothalamic region and the uncinate 
area of the hippocampal gyrus may be indented by upward and lateral 
extension of the tumour, and somnolence and other effects referable to 
pressure on these structures are produced. Only when the third 
ventricle is compressed or the aqueduct obstructed do signs of increased 
intracranial tension become evident. 

Suprasellar Epidermoid Tumours (Craniopharyngioma) 

The common suprasellar tumour is of epidermoid character. It is 
commonest in youth and over 75% occur before the age of forty years. 
The tumour arises above the diaphragma sella: in relation to the pars 
tuberalis from islets of squamous cells within that structure. Whether 
the cells are embryonic rests or developed by metaplasia has not been 
fully settled. 

The tumour is usually cystic but may be solid. At the base of the 
<^8t there is generally a warty projection. IListologically, it is of einder: 
mold structure, most often well differentiated with keratinization and 
cell rests, sometimes of basal cell type, and rarely of enamel cell type 
(adamantinoma). Fatty substances are frequently present in the stroma 
and their calcification (which^ presi^t in 85%), affords a significant 
sign in radiographic infr9t|i^i||lk>nt' / 

A 'bqgins just beneath the aperture of 
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Uie dii^^agma sellee, and, at thiS'^int, lies within the cfsterna chias- 
matisv^i^ growth proceeds it bulg^ upwards rather than downwards; 
werage it has the dimensions of a walnut but may be very much 

i H A sliprasellar cyst has nd endocrine secretory faculty and its effects 
referable chiefly to pressure. At an early stage it impinges on the 
kypothalamus, and therefore polyuria is an early symptom. Later 
there may be compression of the optic chiasma and the pituitary, and 
the combined effects may result in Frdhlich’s syndrome and diabetes 
insipidus. The dorsum sellae and the clinoid processes may be eroded 
as a result of pressure and, in a radiogram, such changes may afford 
valuable evidence in diagnosis. 

Surgical Aspects of Pituitary Tumours 

Suprasellar tumours bulge into the subarachnoid space and impinge 
on the mid-brain, the optic nerves or chiasma. The tumour may be 
very firmly adherent to the margins of the sella turcica. Removal of 
a suprasellar tumour is only possible by an intracranial operation, 
and when it is situated laterally or far back access may only be 
obtained by sacrifice of one of the optic nerves. In operating care must 
be exercised to avoid laceration of the floor of the third ventricle, an 
accident which usually proves fatal. 

In pituitary adenoma operation is designed to relieve headache 
and to prevent or relieve blindness. In a few cases progression of 
endocrine disturbances may be prevented. For preference, the tumour 
is approached from within the skull and an attempt is made to remove 
the greater part of it. When an adenoma is of slow growth and has not 
developed an intracranial extension, and especially, as in acromegaly, 
when the subject is in poor condition, it is most easily dealt with by 
the transphcnoidal route, which permits of a partial removal of the 
tumour and affords a decompression of the expanded sella turcica. In 
rare instances tumours bulge into the third ventricle and are only 
accessible via the frontal lobe and lateral ventricle. 
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CHAPTER XIV 

DISEASES OF THE SPINE AND SPINAL CORD 


SPINA BIFIDA (Rachischisis) 

The spinal cord, like the brain, is derived from the ectoderm of the 
dorsal surface of the embryo. A strip of ectoderm, the neural plaie, 
becomes raised above the general surface, and then in succession 
hollowed out as a groove, depressed below the surface, and folded 
sagittally to form a tube. This neural tube later becomes further 
depressed, and then separated from the surface ectoderm by an in¬ 
trusion of mesodemi growing in from either side. The processes of 
tubulation and of separation from the skin surface are completed last 
in the lumbar region, and it is here that developmental anomalies arc 
most common. 

There arc many types of spina bifida, but some of these being 
incompatible with life arc of interest only to the teratologist, and for 
practical purposes a simple classification will suffice. 

(1) Complete Rachischisis. This is a gross abnormality resulting 
fi-om failure of development of the whole length of the column. The 
cord fails entirely to separate from the superficial ectoderm and remains 
exposed to the surface in a shallow gutter in the midline of the back. 
The condition is incompatible with life. 

(2) Partial Rachischisis. This type includes all the less extensive 
defects that involve only a limited portion of the cord. The defect is 
most often situated in the thoracico-lumbar or lumbo-sacral region, 
rarely in the cervical region. It may be a severe lesion, incompatible 
with life, or may be so small as only to be discovered on careful examina¬ 
tion. Three principal varieties and two rare ones are recognized. 

(a) Myelomeningocele. This is a gross deformity, and often the 
child is still-bom or dies within a few days of birth. There is a defect of 
the vertebral laminse and spines and in the soft tissues over a limited 
area, usually in the thoracico-lumbar region, and the cord in this part 
of its course lies in its primitive position close to the skin surface. 
Three or more of the vertebrse are usually affected. The spinous 
processes are absent, the laminse are represented merely by short 
stump-like projections, and the vertebral canal consequently forms a 
shallow trough with no posterior wall. The cord, which at higher levels 
lies normally in the vertebral canal, at the position of the defect comes to 
lie more superficially. In some cases it lies completely exposed in the 
floor of a shallow gutter, and it then has a raw red appearance as of 
congested granulation tissue. This variety sometimes known as a 
myelocele. 

In other cases the cord is raised on aurfa<» of a cystic swelling, 
which is sometimes of large size. .Sin^ this is^&e most often seen 
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surgically it requires a fuller description. The protrusion is situated 
in the midline, where it forms a somewhat oval and irregularly lobuluted 
sessile mass, in the summit of whicli lies the abnonnally placed cord. 
The cord, retaining the shape of the cmbiy'onic neural plate, forms a 
flat, plaque-like strip of tissue which is evident as an oval area, bluish 
or congested—the area medullo-vasculosa. In some cases this area is 
covered with,a thin layer of epidermis, with which it is closely ftiSed. 
In other areas, epidermis is lacking, and the nerve tissue is covered only 
by soft red granulations. Near the upper end of this area there is some¬ 
times a small orifice, which represents the termination of the c^trul 
canal of the cord. For the first few days of life a little cerebrospinal 
fluid may escape here, but the orifice is soon closed by a*dema. Occasion¬ 
ally a similar oinficc is present at the caudal end. 

Around the area rnedullo-vasculosa and continuous with it lies the 



Fig. J20. Myelomeningocele exposed by longitudinal section. The 
malformed spinal cord is seen at the summit of the sac. On the right, 
the filaments of the cauda equina pass deeply to gain the verteurai 
canal. Note the expanded ligamentum denticulatum. 

(Hy eourtety of Profeuor Sir J, Fnaer.) 

zona epithelio-serosa, which represents the area of fusion of the skin 
with the membranes lining the sac, the dura mater and arachnoid. It 
is thin and often of bluish colour, and laterally, where it gradually 
merges with the surrounding skin, there are often small telangiectases 
and epithelial overgrowths. 

The sac may be imilocular or multilocular. It contains cerebrospinal 
fluid, and on its deep aspect it communicates with the spinal subarach¬ 
noid space, of which it is merely a greatly enlarged portion. The cavity 
is traversed by pairs of nerve roots, which arise in the abnormally 
placed portion of the cord and proceed deeply to the vertebral canal to 
gain exit through the intervertebral foramina. Each nerve, as it 
traverses the sac, is supported by a fold of arachnoid, which attaches it, 
as by a mesentery, to the sac walL The sac is also partly divided into 
compartments by the iigaipen^ d^tiettlata, which form broad sheets 
that pass backwards ^ either df ihe mi^ine* Sometimes at the 
lower end of the sac the otn^ k ^itadtituted and re-enters the spinal 
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canal. More often, however, the termination of the cord lies in the sac, 
and the fibres of the cauda equina pass deeply to gain the canal and their 
proper exits. 

A myelomeningocele is often accompanied by other defects. There 
are Usually deformities of the lower limbs or paralyses resulting from 
failure in the development of the cord, and there may be such unrelated 
lesions as hypospadias, cleft palate or hare-lip. Hydrocephalus is often 
present. The treatment is very unsatisfactory, for though it is tech¬ 
nically possible to replace the cord in its proper position this does not 
rectify the associated paralysis. Moreover, the operation itself is a 
severe one for a young infant, and, since the surface of the exposed 
cord cannot be sterilized, meningitis often supervenes. 

(6) Meningocele. This is a rather uncommon deformity. It may be 
likened to a herniation of the meninges of the cord (arachnoid and dura 
mater) through a gap in the bones and soft parts. The cord itself is 
unaffected and lies in its bony canal, and the nerve roots usually lie 
in their normal position. The spinous processes of the affected vertebra, 
usually two or three in number, are absent, and the laminae are repre¬ 
sented merely by short projections on the posterior surfaces of the 
transverse processes. The membranes projecting through this gap 
form a cyst-like swelling under the skin in the midline of the back. 
Typically, the swelling is covered by thin skin, which may be scarred, 
in places. It contains cerebrospinal fluid, and is translucent. Usually 
there is no associated paralytic lesion, but hydrocephalus or other 
congenital deformities may be present. 

(c) Spina Bifida Occulta. Here the obvious defect is minimal. The 
cord is completely formed and lies in its bony canal, and the membranes 
are intact, but the spines and lamina of one or more vertebrae are 
abnormal. Sometimes the spines are absent and ^lie lamina defeetiva, 
and there is a palpable defect in the midline of the back. In other cases 
the spines are bifid. The skin surface may be of nonnal appearance 
but often is dimpled, and there may be dilated vessels, a tuft of haii, or 
small fatty or fibrous tumours. 

The defect may give rise to no symptoms and remain unrecognized, 
except perhaps on chance clinical or radiographic examination, or it 
may lead to paralytic deformities of the lower limbs, such as pes cavus 
or other forms of talipes. These deformities usually develop during 
adolescence and are often bilateral. 

The paralytic effects are attributable to the presence of the 7nembran/i 
reunienSf a tough fibrous band passing from the deep aspect of the 
skin to the membranes of the cord. In early life the membrana reuniens 
remains lax and causes no symptoms, but during adolescence or early 
adult life it fails to keep pace with the growth of the rest of the body 
and with the slight upward movement of the cord in its canal, so that 
traction may be imposed upon it. The dura mater, to wMch the 
membrane is attach^, is drawn superficially and slings the cord in 
that direction. Thus the pull of the fnembrana reuniens is transmitted 
to the anterior paif of the cord, which is compressed,, and consequently 
the paralytic pherijamena are almost entirely motor. Trophic clmnges 
in the skin, especially dt the feet, are eommdn. 
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(d) Syringocele (Syringomyelocele). In this condition the cyst-like 
swelling represents a greatly dilated iK)rtion of the central canal of the 
cord, and the cavity is consequently lined by modified, compressed 
nervous tissue. It is a very rare type of anomaly. 

(e) Anterior Rachischisis. This is an exceedingly rare form of 
rachischisis in which the sac protrudes anteriorly, through a defect in 
the vertebral bodies. It may form a [irotrusion in tlie abdomen or 
pelvis and be mistaken for a tumour or cyst. It is rarely compatible 
with life and is not amenable to treatment. 


SPONDYLITIS DEFORMANS 

This title includes a variety 
of diseases of the spinal 
column characterized by vary¬ 
ing degrees of stiffness and 
pains in the back. In some 
cases the disease affects young 
adults, causing much pain and 
progressing to complete 
rigidity of the back with 
marked disability ; in others 
it affects elderly persons, giv¬ 
ing rise to the rounded shoul¬ 
ders, bent back and stiffness 
so common in old age. 

Sometimes a cause is to be 
found, e.g., a dental focus of 
infection or a gonococcal pros¬ 
tatitis ; more often the origin 
of the disease can only be 
ascribed to chronic degenera¬ 
tive changes or to repeated 
trauma. 

Two main types may be 
recoguizi'd, the ostco-arthritic 
and the ankylosing types. 

Osteo-arthritis of the Spine. 
This disease may occur alone 



or in association with disease 
of other joints, and it is 
generally regarded merely as 
a special type of osteo-arthritis 
with certain special features 
related to the special anatomy 
of the spine. The disease 
commonly occurs in eldcrlj' j 


Fio. 180. .SiKindylitis dcforiuiiris. The: 
vertebral column is ankyU«c<l in a |Kisi- 
tion of kyphosis. There are oste»»- 
arthritic changes in the intervertebral and 
eosto-vertebrul joints, and the vertebral 
bodies are united by plaques of new 
bone. 

(JUuteum of ICuyitl Cutieyf of Surgum of /idinf/wrgh.) 


people. 


articulations are Hffecb;d 


primarily; later the ligaments and the intervertbral fibro-cartilages may 
be involv^. In some cases the disease affects multiple intervertebral 


joints and also the costo-vertebral joints; in others*,and more tjomraonly 
it is localized to one part of the column, particularly* j^e lumbar sclent. 
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The articular cartilages and bone are eroded and chondro-osteophytes 
develop at the margins. Often also exostoses arise from contiguous 
margins of the vertebral bodies and project laterally as sharp spins, or 
bridge the gaps between adjacent bodies. The intervertebral fibro- 
cartilages undergo gradual absorption and become thinned, as though 
from pressure, while not infrequently the vertebral bodies become 
wedge-shaped. Very rarely the ligaments of the vertebral column 
become ossified. 

Arthritis of the spine causes stiffness of the back and may cause 
rheumatic ” pains, which arc accentuated by climatic changes or by 
sudden twisting movements. Often the pain is referred to the distribu¬ 
tion of sensory nerves, particularly the sciatic nerve. These effects are 
usually ascribed to pressure of osteophytes on the nerves as they emerge 
from the intervertebral foramina, hence the special tendency to involve¬ 
ment of the fourth and fifth lumbar roots of the sciatic, which arc large 
nerves almost filling the bony canals. 

Spondylitis Ankylopoietica. This very disabling disease generally 
occurs in young adults, especially in males, and gives rise to severe 
[jcrsistcnt pain and marked rigidity of the spinal column. It may 
progress rapidly until the whole spine—and the sacro-iliac joints and 
sometimes also the hip joints—are completely ankylosed, or it may 
take a chronic course with remissions lasting many months or years. 

The first signs are often seen in relation to the sacro-iliac joints ; 
later all the intervertebral and costo-vertebral joints may be involved. 
The joint cartilages are eroded and the bone adjacent undergoes rare¬ 
faction, and this is later followed by osseous ankylosis, so much so that 
eventually in radiographs no trace of the joint outline remains. The 
intervertebral cartilages also are thinned, while exostoses projecting 
laterally bridge the gaps between contiguous vertebra?, giving a radio- 
graphic appearance often compared to a bamboo stick. 

AFFECTIONS OF THE INTERVERTEBRAL DISCS 

The investigations of Schmorl have focussed attention upon certain 
affections of the intervertebral discs which had not previously been 
recognized. A disc consists of three portions. There is a peripheral 
ring, the anntdus fibrosus, composed of tough fibro-cartilage firmly 
attached to the vertebral bodies and to the anterior and posterior 
longitudinal ligaments. On the two surfaces of the disc are thin plates 
of hyaline cartilage, which are set directly in contact with the spongy 
bone of tlie vertebral bodies. These plates serve a double function, 
acting as epiphysial cartilages for the vertebral bodies as well as retain¬ 
ing capsules for the nucleus pulposus. 

The nucleus pulposus, the third element of the intervertebral disc, 
is contained within the annulus and between the cartilage plates. It 
fonns a semi-gelatinous mass consisting of loose fibrous tissue containing 
soa&ty cartilage cells and large multmudeated cells (rudiments of the 
notot^ord) set in a gelatinous matrix. The nucleus is confined within 
l^e disc under tensiiin, imparting an elastic quality to it, and thus giving 
a high degree of reipll^^e to the vertebnjdjcolijunn as a whole. 
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As a result of trauma or degenerative changes, the nucleus pulposus 
may prolapse through a fissure in one of the cartilage plates or in the 
annulus fibrosus. Such a protrusion of the nucleus is a common cause 
of pain in the back, sciatica, and other pressure effects. 

If the protrusion takes place through one of the cartilage plates of 
the disc, the nuclear substance prolapses into the spongy bone of the 
vertebral body, and there sets up reactive and degenerative changes, 
resulting in a cavity within the bone surrounded by osteosclerosis. 
These changes in the bone, combined with the loss of elasticity which 
results from escape of the nuclear substance, may be a cause of pain and 
stiffness of the spine and may predispose to spondylitis deformans. 

If the protrusion takes place through the annulus fibrosus, the 
nuclear substance generally prolapses towards the spinal canal and 
projects within the canal in the form of a button-like prominence to one 
or both sides of the posterior longitudinal ligament. If such a pro¬ 
trusion is situated in the thoracic part of the spine it may exert pressure 
on the cord and give rise to mild paresis, generally of s{)astic type and 
sometimes accompanied by sensory changes. 

The commonest site for prolapse of the rnuileus is at the fourth and 
fifth lumbar disc. For this reason the commonest clinical manifestation 
is pain referred to the sciatic nerve. Clinically the condition is identical 
with other types of sciatica and is characterized by pain in the sciatic 
distribution exaggerated when the nerve is stretched, by tenderness 
along the nerve trunk and by diminution or absence of the ankle-jerk. 
In some cases there are additional features such as flattening and rigidity 
of the lumbar spine, lumbar scoliosis, and parsesthesia with slight muscle 
wasting in the leg. 

The nuclear prolapse responsible for sciatica is usually situated at 
the lumbo-sacral junction or at the last lumbar intervertebral disc. In 
some cases operation shows the affected nerve root stretched over the 
prolapse, which has the appearance of a small glistening white swelling 
lateral to the posterior longitudinal ligament. In .other cases there is 
no true prolapse or herniation of the nuclear substance, but a diffuse 
bulging of the circumference of the disc. 


TUMOURS OF THE SPINAL CORD 

The spinal cord, Uke the brain, may be affected by tumours within 
its substance or by tumours arising from any of the structures around 
it. It is customary to classify the tumours in three groups, according 
to their relation to the cord and its membranes. 

(1) Extradural tumours include all those that arise in the bones, 
car^ges and soft parts of the vertebral column, and also those rare 
growths that invade the spinal canal from without. 

In the bones of the vertebral column the commonest tumours are 
secondary deposits of carcinoma, from tumours of the breast, prostate, 
thyroid gland, kidney, or other oigans. Less often the tumour is 
primary in the vertebra;, for instance, osteoma,^chondroma, htem* 
angioma and sarcoma. The vertebne are liable to involved also in 
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myelomatosis. All these types of growth occur more commonly in the 
vertebral bodies than in the laminie or processes. 

A chondroma occasionally arises from the intervertebral fibro- 
cartilagcs. A fibroma, lipoina, sarcoma, or hsemangioma may arise 
from the extradural connective tissue, a neurofibroma from the extra¬ 
dural i>ortions of the spinal nerves, a chordoma from rudiments of the 
notochord. A tumour that originates in the extradural space and 
spreads outwards through an intervertebral foramen, and one that 
invades the canal from without, tends to assume an hour-glass shape in 
virtue of the spaces it traverses. 

(2) IntiamMiillary tumours arise in the tissues of the cord itself. 
They are of the nature of gliomata, and in general have the character¬ 
istics of similar tumours in the brain. They tend to spread in the 
nerve tissue diffusely, without encapsulation, but as a rule do not 
spread to its membranes. Extension of the tumour is sometimes 
rapid, and occasionally the tumour infiltrates several centimetres of 
the cord, or even its whole length, which becomes swollen and of soft 
fleshy appearance. The symptoms and signs of intramedullary tumours 
are usually somewhat indefinite, and as the progress of the disease is 
rapid such tumours arc seldom suitable for operation. 

(8) Intradural extramedullary tumours are generally derived either 
from the arachnoid mater or from the intradural parts of the spinal nerve 
roots. They have the character either of meningioma or of ncurt)- 
fibroma. Tumours of this group are commoner than intramedullary 
and extradural tumours (excepting metastatic tumours), and are 
also of much greater surgical importance, for they are usually non- 
malignant, they give rise to characteristic neurological features which 
render accurate diagnosis possible, and they can be removed, often 
with complete restoration of function. 

The majority of tumours in this class conform to one general type 
and arc of slow growth and non-malignant. A tumour of this type is 
small, rarely exceeding 5 cm. in length, and usually oval or elongated 
in the long axis of the cord. It is eneapsulcd by tissue derived from 
the arachnoid membrane, and lies on the inner aspect of the dura 
mater, to which it is often firmly attached. The tumour is usually 
related to one of the posterior (sensory) nerve roots, and for this 
reason it is situated, in 75% of cases, on the postero-lateral aspect of the 
cord ; less commonly it appears to arise from an anterior root or from 
1 he meninges in front of the cord. In the majority of cases the thoracic 
portion of the cord is affected, but no portion is exempt. 

Usually the tumour is of firm, fibrous consistence and has a some¬ 
what scanty blood supply derived from a single small arterial twig. Li 
other cases the vascularity is greater. Often the tumour is partially 
calcified, and is then sometimes known as a psammmui. 

Microscopically, it resembles an endothelioma. Flattened endo¬ 
thelial cells, or spindle-shaped cells of fibroblastic type, are set in a well- 
formed fibrillar stroma. Often the cells exhibit whorl-formation. There 
are usually areas of hyaline ck^neration and of calcification, and there 
is often some lymphocytic. infi]1frati<m. ^, 

^ffeds of Ihe Tumour. The effects of tumours of tlie intradural extra- 
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medullary group are usually characteristic. At first only the related 
nerve root is affected. Later the cord is displaced and compressed, thougli 
never invaded. Pressure uj)on the cord for a long time causes only 
irritation and a'denia. Later the 


nerve cells aiul fibres undergo pres- 
sur«* necrosis (soinelimes aggravated 
by thrombosis of vessels), and irre¬ 
parable damage is done. Th<* 
meninges around the tumour, though 
not invaded, are curiously t hickened, 
as though inflamed, and are often 
unduly vascular. 

The pathological changes are 
reflected in the clinical features. At 
first there is evidence of interfer¬ 
ence' with a single posterior nerve 
root. “ Root pain ” is referred to 
the area of distribution of the nerve, 
and there may be parassthesiae, with 
sensations of tingling, numbness, 
heat and cold. Complete block of 
nerve conduction may lead to areas 
of anaesthesia, but this is often 
maskt'd by the overlapjiing distribu¬ 
tion of adjacent sensory iutvc's. 

At a later stage the tumour 
presses ujion and indents the cord, 
affecting first the nearest cells .nid 
tracts, later half the cord and even¬ 
tually its whole thickness. Tin* 
effect of pressure is to damage the 
grey matter at the level of the 
tumour, and to interrupt impulses 
passing along the fibres in the white 



matter. Thus a tumour pressing 


on the lower cervical cord may give 


rise to a lower neuron paralysis of 


the arm on the corresponding side, 
and an upper neuron paralysis of 
the lower parts of the body. When 
only half the cord is affected the 
Brown-Sikjuard syndrome may 
result, in which there is muscular 
paralysis with loss of deep sensation 
on one side and paralysis of the 
sensations of pain, heat and touch 
tumour compresses the entire cord ai 


Fiu. lai. Spiiiul inciiingioniu. Tlie 
tumour lies in close relation to 
the posterior nerve rriots of the 
eervicul enlargement of the i*ok1. 
The tumour is of small sisse and 
encaiwided. It lias compressed, 
but not invaded tlie cord. 

{Department of CUnUal Surgery, Vnieertily of 
Bdinlmtgh.) 

on the other. Eventually the 
i complete paraplegia develops. 


When the tumour grows sufficiently to press upon and .stretch the 


surrounding membranes, it may gitme ritte to pain locally over the affected 


portion of the sj^e, and this are^ becomes tender on direct pressure. 
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In those regions where the cord occupies most of the available space, 
as at the cervical and lumbar enlargements, a small tumour will soon 
CXMae pressure effects, and moreover an affection of the specialized 
tissues supplied by these regions, as of the muscles of the hand, will 
be noticed early. In other regions, and especially in t he region of 
the conus and ceuda equina, where the vertebral canal is spacious, a 
j tumour may att^ large size, yet cause few symptoms. 

lb liiost parts of the cord the effects of a tumour are for a long tinte 
Umited to (am or two segments. In the lumbar, sacral, and coccygeal 
r^qhs, however, where the segments are crowded togetlier, the effects 
are more wklrapread. 

In the upjper cervical region a tumour may affect the lower cranial 
nerves, and cause difficulty in swallowing or in articulation, or it may 
ccanpress the origin of the phrenic nerve and embarrass respiration. 
In the cervical and upper thoracic region a tumour may interrupt 
fibres going to the cervical sympathetic chain and lead to dilatation 
of the corresponding pupil and enophthalmos. 

Effects of Obstmetion of the Spinal Canal. A spinal tumour or any 
other lesion (tuberculous, inflammatory, etc.) that obstructs the free 
flow of fluid down the spinal canal produces characteristic effects. 
These effects, which may be recognized by hydrostatic, chemical, and 
radiological observations, are often of assistance in confirming the 
diagnosis and in localizing the exact site of the obstructive lesion. 

(1) Hydrostatic Tests. If the tumour is situated at the usual level 
for lumbar puncture, attempts at aspiration at this site will fail to 
obtain fluid. Usually the tumour is situated above the level of lumbar 
puncture, and then the pressure of fluid is usually low, though occa¬ 
sionally (perhaps from some valvular action) it is raised. Alterations 
of pressure may be demonstrated most clearly by the so-called 
Queckenstedt test, which depends upon the fact that temporary 
compression of the jugular veins, by increasing the intracranial tension, 
normally causes an immediate spurt of fluid from the lumbar puncture 
needle; any obstructive lesion in the spinal canal tends to prevent this, 
and if the obstruction is sufficiently complete the rise of pressure is 
diminished or absent. A modification of the same test is that of Ayer, 
which consists in performing simultaneous lumbar and cisternal punc¬ 
ture. When the jugular veins are compressed the pressure at the two 
needles may be compared, and any delay in transmission of the wave of 
pressure may be recorded. 

(2) Chemical Tests. Chemical examination of the fluid obtained by 
lumbar punctinre is often of value. Stagnation of fluid below the tumour 
combing with transudation from dilated meningeal veins causes an 
increase in the protein content and a yellow discoloration. The protein 

cerebrospinal fluid normally amounts to less than 40 mgm. %» and 
a;hy.increase above 50 mgm. % without corresponding increase in cells 
may be regarded as abnormal. The combination of massive coagulation 
of the ‘fli^, and a yellow‘^:discoloration (xanthochromia) constitutes 
From*s syndrome. When flQy develop^ is strong evidence of 
obstruction within the spinal'^u^, thou|^‘li^^rie6es8iu il^ by a tumour. 

(6) JBodiologtcal Tests. lUdiological' exhtimhaUcat u sometimes 
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ANTERIOR poliomyelitis 

necessary for the exact localization of the tumour, though often this 
can be made from simple neurological examination. The examination 
is assisted by the intrathecal injection of lipiodol, which is opaque to 
X-rays. Lipiodol of light specific gravity may be introduced through 
a lumbar puncture needle, or heavy lipi^ol may be injected into the 
eistem. As the oil ascends or descends the canal, part or all of it may 
be arrested at the site of obstruction. 

' ' i 

ANTERIOR POLIOMYELITIS (Infantile Paralysis) 

In virtue of its paralytic sequela*, poliomyelitis is the commonest 
of all causes of crippling in childhood, and constitutes a problem of 
vast importance, both surgically and epidemiologically. 

At its inception it has the characters of a general infection. The 
main incidence falls upon the central nervous system, but changes 
occur also in other parts of the body, particularly in lymphoid tissues 
and parenchymatous organs, which show various degrees of cloudy 
swelling and degeneration. 

There is ample evidence that the disease is infective, and the causal 
agent a filter-passing virus, which probably gains access to the body 
through the mucous membrane of the upper air passages. It is inferred 
that the virus reaches the central nervous system directly, along the 
fibres of the olfactory nerve, but a blood-bome infection is more likely. 
Flexner and Noguchi have shown that such a virus can be isolated 
from the spinal cord of patients, and that when injected into monkeys 
reproduces the characteristic lesions. Most cases of poliomyelitis occur 
sporadically, but not infrequently there are minor epidemics, which 
arc especially apt to occur during tlie summer and autumn. Children 
may be affected at any age, but the disease is rare in infancy and the 
great majority of cases occur between the third and fifth years. There 
is a well-marked natural immunity to the disease, and it has been esti¬ 
mated that only about 2% of the population are susceptible. A single 
attack gives lasting immunity, and for many years afterwards the 
serum contains anti-bodies. The serum of a convalescent patient may 
be used in the treatment of the acute phase. 

The pathological changes in the central nervous system are most 
obvious in the anterior horns of the spinal cord at the level of the 
lumbar enlargement, and consequently the most drastic and most 
lasting effect is motor paralysis of the lower extremities. In the acute 
phase of the disease, however, the posterior columns are also affected, 
and this may give rise to pain and tenderness in muscles and joints 
which may obscure its recognition. At first the affection is often wide¬ 
spread throughout the cord and even the brain, and may lead to a 
fatal result from implication of vital centres. <» 

At an early stage the signs of inflammation appear both in tl|s 
meninges and in the substance of the cord itself. Microscopically, the 
striking feature is the presence of lymphocyte collections, especially in 
the perivascular spaces in the anterior horns of grey matter, and along 
with this there is extensive cedema as as congestion and petechial 
hsnn(»rhages. Thi^ 'changes noi distributed but 
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are patchy, and consequently some are affected, whilst 

adjoining ones escape. The nerve celk he affected directly by 
the toxins of the virus, but moxp probably tl^y succumb to the mere 
mechanical effects of oedema and ischsemia,'! After the acute phase a 
fpcal sclerosis of the neuroglia may damage the nerve cells still further. 

The cerebrospinal fluid becomes altered <^rly in the disease, and its 
examination has a certain diagnostic value. the first week the 
characteristic feature is an excess of lymphocytes, and later there is 
an increased globulin content. Fehling’s solution is usually reduced. 
As a rule the fluid is clear and colourless and does not show any great, 
increase of pressure. 

The paralytic lesions are almost invariably of lower motor neuron 
type; the muscles are therefore flaccid and tend to waste, and their 
reflexes diminish. At first the paralyses may be widespread, but since 
the nerve celjs are not destroyed, merely compressed, a remarkable 
amount of restitution of function usually occurs. Almost always, 
however, some residual lesion remains, and subsequently leads to 
deformity. Generally this residual paralysis is restricted to one lower 
extremity, and very often merely to one group of muscles, such as the 
peroneal or anterior tibial or quadriceps group. The usual deformity 
is therefore some form of talipes with drop-foot and instability of the 
ankle. Sometimes the quadriceps femoris group of muscles is affected, 
and the knee thus rendered unstable. Paralysis of the abductors at the 
hip is not uncommon; it is very disabling as it prejudices the main¬ 
tenance of the erect posture. In addition to th(‘ muscle atrophy there 
are trophic disturbances, and the growth of the limb is impair(*d. Less 
often an upper extremity is involved, and then the muscles around 
the shoulder are especially liable to atrophy. In other cases both legs 
or three or four limbs and the trunk arc affe<‘ted, but even tlnm the 
paralysis in any one limb is rarely complete, and some few fibres in 
certain muscle groups remain active. This capricious distribution lias 
irnjiortant practical results, for the healthy muscles, being unopposed, 
contract., arul often draw the limb into positions of disabling deformity. 


TUMOURS OF THE NOTOCHORD : CHORDOMA 

The notochord, the primitive entodennal axis around which develops 
the mesoderm of the vertebral column, normally disappears almost 
completely in early fcctal life. OccAsionally a portion of its eephalad 
extremity persists at the base of the skull, and in infancy traces may be 
found as the nucleus pulposus in any intervertebral disc and in the 
region of the coccyx. The persistent rudiment at the base of the skull 
is said to be present in about 1 % of all autopsies; it forms a small 

the cerebral aspect of 
me f>f the clivus, 1 

tVfa^ind the posterior margin of the pituitary fossa; it is 
Ul^ical significance, except as a possible starting point for 

, ‘ ij |{ 

Chq^rdoma is a rare .i^jh^ur of 1^ malignancy derived from 
bbtoefie^a! /mfliants. Hy ^ gwally occiin at one or other end of the 


.^utton-like protrusion adherent to tin 
gpggi df the akull, usually in the mesial phi 




CHORDOMA 


body, in tiie spheno-occipital or sacro-ooccygeai regions. It tends 
to grow slowly, infiltrating and destroying surrounding tissues and 
even bone. It attains large size and eventually causes death. Excep¬ 
tionally it grows rapidly, but it rarely gives rise to nrujtastases. 

The spheno-uoeipital chordoma generally arises in adults of thirty 
to forty years. Springing from the cerebral aspect of the clivus, it 
projects upwards into the cranial cavity and, crtKling the bone, expands 
into the nasopharynx, the orbit, or the air sinuses. The sacrococcygeal 
chordoma may arise either in front of or behind the bones. It forms a 
slowly growing tumour which eventually may atbiin large size. When 
situated in front of the sacrum it tends to obstruct the gut ami leads to 
interference w'ith 
micturition. 

Typically, t lu* 
tumour is cncapsuled 
and broken up into 
lobules by very dense 
fibrous trabecula*. The 
parenchyma is com¬ 
posed of bluish-white 
gelatinous tissue, often 
haemorrhagic, and there 
are usually cysts con¬ 
taining mucoid fluid. 

Mieroscopically% 
there are alveolar 
masses of cells of 
epithelial tyjie, some¬ 
times lacking clear 
definition and resem- 
b 1 i n g a syncytium. 

The most characteristiir 
feature is the presence 
of large vacuoles, both 
in the cytoplasm and 
in the nuclei, so that the cells become swollen or bladder-like (phy.s- 
aliphoric). The vacuoles result from intracellular mucin-formation, 
and as the cells increase in size they discharge tin* mucin into the 
intercellular substance. In some tumours, e-spccially^ those of slow 
growth, the greater part of the tissue may be replaced by masses 
of gelatinous material. Some parts of the tumour may assume 
sarcomatous characters. 

Clinically, it is important to recognize the tumour, for though 
eomplcte extirpation is not to be expected, local removal oj^^e tdinour 
or aspiration of mucoid contents has been folIowiS. by 
remission of the pressure effects. - 

SACRO-COCCYGEAL AND FISTUI^ / 

The complex natulre of its de^el ^M^ ent and the ruc^mentary 
structures which abound in its nAWfiHfcnrhnnd render the saem. 



'iG. l.'{2. (!hordoina. The tumour is eoiujKxsed of 
alveoli of vacuolated epithelial eells eontairiiiiK 
globules of mucin. 

(Sf/ couTteny of Dr. IF. A. AUrandfr and Mr J. IF. Sirulhtrt.) 
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soccygeal region very 8ub|^ to the growth tumours and cystic 
Itrewngs. These are almost always congenital and are usually found in 
imale infants ; they are often incompatible with life, and when large 
may even cause impediment to parturition. 

Classification is difficult, for the histological picture.is remarkably 
varied. The simplest grouping recognizes, two principal types, those 
due to anomalous development of the early embryo, and those arising 
fipom the persistence and growth of structures which under normal 
circumstances atrophy and disappear. In addition, inclusion dermoid 
cysts may occur in this region. 

(1) Anomalous Development in the Early Embryo. This gives rise 
to various forms of parasitic inclusions, ranging from a solid teratoma 
up to a completely fonned limb—^an incomplete parasitic twin. It is 
believed that two embryonic areas form in the single blastomere, the 
one developing completely as the autosite, the other remaining ill- 
formed as the parasite. Two principal varieties of parasitic inclusions 
may be recognized :— 

(a) Parasites composed of definite organs or their rudiments, 
portions of viscera, bones, or well-formed extremities. These are rare 
in nuin, and apart from the deformity give rise to no complications. 

(b) Sacro-coccygeal teratomata, solid or cystic tumours arising either 
in front of or behind the sacrum and coccyx. These tumours are at first 
encapsuled and they may grow slowly or remain unchanged; but 
sometimes they assume sarcomatoiis characters. Microscopically, they 
have the features of a teratoma and include areolar and fibrous tissues, 
areas of cartilage, and mucoid, nervous and osseous tissues. 

(2) Persistence of Rudimentary Structures. In the complex develop¬ 
ment of the hind part of the body there are several structures which 
may later give rise to tumours, cysts or fistula. Ventrally, there are 
the neurenteric canal, the post-anal gut, and the proctodaal membrane. 
The neurenteric canal is a tiny channel which in the early weeks of 
intra-uterine life connects the lower end of the spinal canal with the 
posterior termination of the gut. The portion of gut with which it 
conununicates lies posterior to the point of communication between 
the gut and the invaginating proctodaum—^post-anal gut. Tumours 
developing from these tissues are situated ventral to the sacrum and 
coccyx, though they may later be displaced downwards or dorsally. 
They are composed of closed vesicles lined by columnar-cell glandular 
epithelium, and they contain ropy mucus. 

CongeniUU post-anal cysts and sinuses {pilonidal sinus) arise in the 
median plane in relation to the skin dimple at the tip of the coccyx, 
and are due to a defect in embryonic development. They are believed 
to arise from either a remnant of the spinal canal known as the coccy¬ 
geal vestige, or (and more likely) from excessive traction on the skin 
caused by tiie retrogression of the tail bud (traction dermoid). The 
ahuis is lined by skin, and hair may project at its orifice; and as a 
result of exudation into it$ lumen one or more small nodular cysts 
may develop subcutaneously. From'f|l|k proximity <^-the sinus to the 
anus^ infection and suppuni^tion sinuses may 

be establishtfd at a hljg^her level or loi^lly. is chiefly 
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of im{wrtance because it is often confused with iistula*in*ano. As the 
sinus is lined with skin, healing cannot be secured unless the entire 
epithelial wall is excised. 
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CHAPT^feR XIV 

DISEASiiS OF THE PERIPHERAL NERVES 

NEURITIS DUE TO PRESSURE 

Apart from solution of continuity, the most important surgical 
lesions of the peripheral nerves are- those due to pressure —pressure 
neuritis. There are three well-known examples of such neuritis which 
deserve individual consideration : (1) brachial neuritis due to pressure 
of an abnormal first rib or of a cervical rib, (2) traumatic ulnar neuritis, 
and (8) sciatica. 


Brachial Neuritis from Rib Pressure 

An abnormal first rib (or even a normal one) may give rise to 
brachial neuritis by pressure, but a cervical rib is a more usual cause. 

A cervical rib is fairly common—1% or 2%—but symptoms occur in 
only about 5% of subjects in which it^ present. Women suffer much 
more frequently than men (8 :1), anl the right side is more often 
affected than the left. The rudimentary rib arises in connexion with 
the transverse process of the seventh cervical vertebra (or, very rarely, 
the sixth). The formation and mode of articulation show great varia¬ 
tion. In the type which commonly produces symptoms the rudimentary 
rib is fused with the vertebral body and/or transverse process and 
projects only slightly into the neck, but is prolonged as a dense fibrous 
cord which gains attachment to the periosteum at some part of the first 
rib. Sometimes it. is more completely developed with a definite head, 
neck, and tubercle. It then articulates with the vertebra and laterally 
joins the first rib or its cartilage and sometimes the sternum. 

The sl^e of a cerv'ical rib varies. In some it is 'long, thin and 
pointed; in others it is broad and flat, and resembles the first rib, 
and may be grooved by the subclavian artery, and the lower part of 
the braclual plexus. The direction of the rib is important, because if 
it merely projects horizontally in a lateral direction it is unlikely to 
come in contact with the brachial plexus and subclavian vessels, 
whereas if it curves forwards these structures acquire a more intimate 
relationship with it. If the rib extends towards the first costal cartilage 
the scalenus anterior muscle in whole or in part may be attached 
to it. 

The development of a cervical rib is from the anterior tubercle of the 
transverse process, which represents the costal rudiment of a cervical 
vertebra. Accordin|r to Wood Jones, there is normally a “ develop¬ 
mental antagonisrn ” between tbe, rib) iimd the brachial plexus. The 
plexuii is normally derived from^ four cervical nerves and the 
first tbomcic nerve, and a ^ n<i^l situation is 
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believed to suppress its development. Sometimes the brachial plexus 
receives a la^e contribution frcm the fourth cervical nerve, and such a 
“ pr^xed ” .plexus is bellied to favour the occurrence of cervical rib. 
In a similar way a ,** post-lts^d ^’ plexus wid^ the sulcus of the first 
thoracic rib, or interferes with the development of this rib to a greater 
or less extent .} 

The development of pressure neuritis depends upon the relationship 
of the rib to the plexusi^If the rib is small and projects laterally the 
plexus lies some distance ' 


in front of it, but if the 
rib is longer and curves 
forwards the lower trunk 
of the brachial plexus 
crosses it or its fibrous 
prolongation. Occasion¬ 
ally the middle trunk also 
crosses the rib. 

Even a well-formed 
cervical rib does not 
necessarily predispose to 
pressure, especially if the 
plexus is “ prefixed,” but 
it is likely to do so with 
a normally constituted 
plexus. Similarly, the 
first thoracic rib does not 
usually exert pressure 
upon a jiormally placed 
plexus but may do so t)n 
a “ post-fixed ” plexus. 

Predisposing Factors. 
The predisposing factors 
in brachial neuritis from 
rib pressure include any 
factors thattend to stretch 
the lowest trunk of the 
plexus over either a 
cervical or the first 
thoracic rib. Probably 



Fio. 1.*^’). Dissroted K]:K‘ciinen of hilateral 
cervical ribs. The right cervical rib articu¬ 
lates anteriorly with a protulicrance from 
the first thoracic. On the left side the 
scalenus anterior muscle is seen insert.ed 
into the tip of the cervical rib, which is 
prolonged forwards to the sternum by 
cartilage. The relation of the brachial 
plexus to the cervical ribs is clearly shown. 

(Muteum of Royal College of Surgeon* of Edinburgh.) 


loss of muscle tone, such as occurs after acute illness, is an important 
“^factor, for it allows the weight of the arm to exert a dragging effect 


on the plexus and thus stretches it over the supernumerary rib or 


its fibrous extension. In this connexion it is of interest to note that 


symptoms have sometimes first appeared after the accessory nerve has 
been divided. Wingate Todd suggested that the jUropping of the 
shoulder and the elongation of the neck that occitt* in adolescence, 
especially in women, may predispose to stretching of, or pressure on, 
the plexus, and possibly this is a rei^ubik' forewomen suffering from 
brachial pressure neuritis VfOite oftezi than mei^ Thoracic respiration 
also may account for theIn women. It is very excep- 
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tional for symptoms to appear before age of fourteen years; most 
frequently they develop about the age of Typists^ tele grap hists, 

and seamstresses seem , to be particuliurly susceptible. ( The onset of 
symptoms is often a sequel to some acute debilitating illness^; There is 
evidence that the nerve .^essure may result from constriction by the 
tendon of the scalenus anjt^or muscle, and division of the muscle at its 
insertion usually suffices for relief of the neuritis" Endoneural thicken¬ 
ing with nuclear proliferation in the lower trunk of the plexus has been 
observed in some instances. 

Effects. The effects of brachial neuritis from rib pressure are due 
mainly to pressure upon the sensory and motor fibres in the lowest 
trunk of tbft plexus, and probably to a varying extent to pressure upon 
the rami eommunicanfes of the eighth cervical and first thoracic nerve.; 

Sensopp^isturbance is manifested by pain along the ulnar side of 
the forearm, and by parsesthesia and, later, small areas of anaesthesia in 
this region. ( Occasionally it occurs on the radial side of the forearm. 
Mo|;or disturbance is manifested by difficulty in the delicate movements 
required in writing, piano-playing or typing and, later, by clumsiness in 
lifting small objects. Paresis of the intrinsic muscles of the hand may 
occur, and it may affect the muscles supplied cither by the median or 
by the ulnar nerve. The paresis does not follow the nerve distribution 
strictly—for example, the abductor pollicis brevis and opponens pollicis 
may be affected, yet the flexor pollicis brevis, also probably supplied 
by the median nerve, may escape. At a late stage a typical ** main en 
griffe ** may develop. 

The vascular phenomena, such as pallor and numbness of the fingers 
and in rare cases gangrene, are infrequent and inconstant. They have 
been attributed to pressure-irritation of the rib on the grey rami which 
join or have already become incorporated in the lowest trunk of the 
brachial plexus. ,■ lit is, however, doubtful both on anatomical and 
pathological groun‘ds whether so widespread a vascular obliteration as 
may affect the hand or even the entire arm can proceed from such an 


effect. More likely, as claimed by Lewis and Pickering and others, the 
constriction of the subclavian artery and local changes in its walls and 
lumen arc responsible ; and certainly in those cases in which vascular 
phenomena predominate, either constriction, local thrombosis or 
calcification can be demonstrated in the subclavian artery. There is 
evidence that detachment of small thrombi from the subclavian artery 
and progressive intra-axterlal . clotting are responsible for the ischsemia 
in the hand and forearm. In many cases the subclavian artery is 
widened for some distance beybnd the point where it (tosses the cervical 
rib. This phenomenon bears some resemblance to the distal dilatation 
that follows experimental constriction of a large artery, j 

In some instances there is clear evidence that appr05aimation of the 
clavicle to the first rib, ai a result of faulty posture or injury, may be 


^popsible for intermittent or continuous compression of the subclavian 

Tnuimatic Ubiur Noiritis 

Apart firam pressqre pf a cervical rib, the commonest cause of 
neoiibis of the fibres of th4 ulnar mure is mj ury t!0. off .lareasmo upon 
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the nenrj^ at the elbow jomt. < In most cases the condition follows a 
fracture in the region of the]|l^dul epicondyle, or it may follow arthritis, 
dislwation, exostosis olf thip ulna, contusion, and abnormal mobility''of 
the nerve associated with re$!urrcnt.displacement. 

Platt, in an analysis of ^52 cases of injury in the region of the elbow 
joint, found that neuritis developed in 9 instances, which indicates 
that the complication is relatively rare. 

Ulnar neuritis sometimes develops soon after receipt of a fracture or 
other injury (recent neuritis), but more often there is a very loug 
interval, even decades (delayed neuritis). 

Recent neuritis is usually associated with a fracture of the medial 
epicondyle of the humerus or, in young subjects, with separation of its 
epiphysis, ‘t'he neuritis may be due to contusion of the nerve as it 
lies posterior to the epicondyle, or to pressure by callus. In cases 
associated with separation of th^ medial epicondyle the signs and symp* 
toms are often characteristic. ' There are swelling, and bruising, and 
tenderness over the medial side of the elbow, and a variable amount 
of numbness and ansesthesia in the skin of the ring and little fingers, 
whilst movement of the interossei muscles may be impaired. 

Delayed neuritis usually develops in adult life. Fracture at the 
elbow joint is the most common predisposing cause, and it is charac- 
teruiic of this form that many years elapse (it may be as many as 
thirty) before signs or symptoms appear. In some cases there is 
evidence of an old fracture which had occurred so early in childhood, 
and was so little disabling, as to leave no recollection of the 
accident. 

In most cases the neuritis has been associated with a fractwe of the 
UUeral epicondyle of the humerus, in which there have been upward 
displacement oPthe separated fragment and faulty union in the position 
of cubitus valgus, in consequence of which the ulnar nervd is stretched 
or chafed. Probably changes in the elbow joint affecting the shape of 
the medial epicondyle determine the onset of neuritis. 

When seen at operation the nerve is usually red and shows a spindle* 
shaped swelling, composed mostly of fibrous tissue. 

In this type of neuritis the motor fibres appear to be more vulnerable 
than the sensory, for there may be atrophy of the interossei and the 
h 3 rpothenar muscles with only slight disturbances of sensation. 

Sciatica 

Two varieties of sciatica are recognized (1) primary or essential 
sciatica, and (2) seqpndary or symptomatic sciatica, ^he symptomatic 
variety is the more important from the surgical point of view. 

(1) Primary sciatica may be due to neuri|is nf the sciatic nerve, and, 
apart from such definite predisposmg factors as injury, alcoholism, 
etc., its etiology is often difficMf to di^rinine. The disease ~afiect8 
rheu^tic subjects who fimd also to su^er from various fondV of 
fibix^ris.'<^The lesion of the nerve is usually situated at the inter* 
v ertebrg J f oramin a, takum the ftshn of a peri>neural fibrosis or inter* 
stitial hetfri^(nidiculitij^ ...r; - ^ 
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(2) Secondary sciatica is due usually to lesions which irritate or exert 
pressure on some part of the nerve, and sciatica should be regarded, in 
the absence of other evidence, as a symptolli of some underlying 
condition rather than a specific disease. Thus, sciatica is often caused 
by disease in the p^vis, e.g., malignant disease of the rectum or of the 
prostate, primary, or secondary growths of the pelvis or the vertebrae, 
disease of the' saero-iliac joint or the hip joint, spondylitis deformans, 
prolapse of the nucleus pulposus of an intervertebral disc, abnormalities 
of the lumbar vertebraj, or affections of the nerve roots of the cauda 
equina (especially if it is bilateral). 

1'he association of sciatica with either prolapse or herniation of the 
nucleus pulposus was referred to on p. 303. It is a compression neuritis 
due to impingement of a damaged intervertebral disc on one or more 
of the sciatic nerve roots as they emerge at the lumbosacral junction. 
Normally the nerve root lies loosely in the intervertebral canal pro¬ 
tected by fat and loose areolar tissue. The posterior longitudinal liga¬ 
ment is in juxtaposition to the nerve anteriorly, but if retropulsion of 
the disc occurs (following, for example, hyperflexion of the spine), its 
protection is lost and the nerve root is subjected to pressure. In rare 
instances the injured disc projects across the middle line and produces 
sciatica bilaterally. 

An injury of an intervertebral cartilage can only be proved con¬ 
clusively by the appearances portrayed radiographically following 
intrathecal instillation of a contrast medium. 

Sciatica is sometimes associated with abnormalities or postural 
deformities of the lumbar part of the vertebral column and with injuries 
at the lumbo-sacral region. The fifth lumbar vertebra exhibits many 
variations in its mode of articulation with the sacrum and in its fixation 
to the ilium. The commonest abnormalities concern the transverse 
processes and the inferior articular processes. The transverse processes 
are normally short and conical, but may be slender on one or both sides. 
They may articulate with the ilium or with the sacrum (sacralization). 
The inferior articular processes, instead of being crescentic and obliquely 
placed, may be flat and transverse. These architectural variations may 
not be associated with any pathological change, but in persons who 
engage in strenuous work they may lea-d to abnormal bony fixation of 
the vertebral column on one or on both sides, so that an undue strain is 
put upon the ligaments higher up or on the opposite side. Osteo- 
arthritic changes may develop at the affected joints, and may be the 
real cause of the trouble. Commonly a functional scoliosis is acquired 
in order to lessen the strain. This may ultimately become a fixed 
deformity because the fifth lumbar vertebra becomes obliquely wedge 
shaped. The sciatica is then presumed to be due to pressure on the 
anterior ramus of the fifth lumbar nerve as it traverses the inter¬ 
vertebral foramen between the fifth lumbar vertebra and the sacrum. 
Normally, that ramus, which is the largest of the lumbar series, almost 
completdy fills the foramen, and therefore any encroachment upon it, 
;a6by osteophytes, vertebral deformities, etc., readily causes compression. 
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TUMOURS OF PERIPHERAL NERVES 
Structure add Devd<q[Mneiit (Mf Peripheral Nerves 

The individual fibre of a nierve consists of an axis-cylindtr (or cixon) 
which is usually encased in a myelm sheath outside which is a continuous 
syncytium of cells, the neurU^rna sheath (of Schwann). Nerve fibres 
are embedded* in a fine reticulum—the endoneurium —arc grouped 
cable-like by the perineurium, and maintained as a trunk by the 
epineurium. 

The axon is a prolongation of a nerve cell, myelin (if present) is a 
product of the cell, and the neurilemma a derivative of the nouro- 
ectoderm emerging from the neural crest, as also, probably, are the 
supporting tissues endoneurium and perineurium. 

Plmbryological and cytological researches, and Harrison's well- 
known experiments on frogs, make it certain that the epithelium of the 
neural crest is the progenitor, inf^r alia, of the posterior root ganglia. 



Fiu. la-t. SecTtion of ganglioneuroma stained by Bielchowski method. 
Note ganglion cells and non-medullated nerve fibres. 


the sympathetic nervous system (including the suprarenal medulla), the 
investments of nerves and the leptomeuinx and choroid plexus 

There is accumulated evidence that many tumours classed formerly 
as false neuromata are eomi)osed of undiiTerentiated nerve elements, and 
that the division of tumours into true and false neuroma may be dis¬ 
carded in favour of separate consideration of each well-defined type. 
There are well diflerentiated tumours in which the neural character is 
obvious, some in which it is supportable, many in which it is debatable. 
The foUowing types will be considered :— 
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(1) Neurinomiii: (False Neuroma.) 

This tumour was formerly regarded as a pure fibroma arising from 
the nerve coats, but its origin from the neurilenuna sheath is now 
conceded except by a few. It is usually single, small, iigh^ encapsuled 
by the perineurium, and easily separated from the affected nerve trunk; 
it is, unlike a pure fibroma, prone to cystic d^cneration. It usually 
affects nerves of the upper extrehnity and those in the subcutaneous 
tissues. It may occur intraspinally or intracranially. 

Histologically, the major part of the tumour is composed of wavy 
bands of collagen, interspersed with elongated nerve fibrils. WWls 
of fibres may be present, and in these zones clumping of the nuclei may 
occur to produce a familiar “ palisade ” effect. A reticulum stain 
displays crowds of fine fibrils which, it has been established, arise from 
the neurilemma sheath rather than from ^ endoneurium. 

(2) Neurofibromatosis ; (von Recklinghausen’s Disease.) 

This condition is regarded as a developmental disorder of the 
supporting tissues of nerves rather than an example of new growth, 
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Fig. 185 . Plexifomi neuroma removed from the subcutaneous tissues of 
the lateral thoracic wall of a male child aged ten years. The tumour 
had gradually increased in size during five years. Diffuse neurofibro* 
matosis and scoliosis were also present. 

(Mtuum 0 / Jb>tnU Cotttge of Sttr/ooni 

although tumours (in the anatomical sense) may begone of its more 
obvious features. 

BS8t6logica;lly, the characteristic feature of the disorder is prolifera¬ 
tion pr:tu|sues, especially those of the nerve shpathsii in which both the 
fibrous and the neurilemmal elements p!eurticipf^..ip i^cyent degree and 
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with remarkable irregularity. In the tumour formations my^fiponatous 
changes are of common occurrence. 

The disease, which is often familial, usually begins in adolescence, 
and frequently the firet evidence is localized areas of pigmentation in 
the skin, followed later by overgrowth of nerve trunks or tumour, 
formations large or small, localized or widespread. Any of the nerves 
in the body, peripheral, cutaneous, sympathetic and cranial, may be 
affected. In some examples of the disease there are gliomata in the 



Fio. 136. Plexiform neuroma. Microactmic section stained by the 
Weigert-Pal method. (High Mwer.) The tissue surrounding the 
nerve fibres is partly fibrous and partly of neurilemma origin. 

(Miueum of Royal CoUege Suryeont of Edinlniryh.) 


brain, in others multiple intrathecal tumours. In rare cases bilateral 
acoustic neuroma occurs, sometimes with tumours of the meninges 
and choroid plexus. The final outcome of the disease depends on the 
size and site .of the tumours and upon the proclivity to malignant 
change. 

The common ancestry of the different lesions is suggested by 
their complexity and remarkable blending in individual cases and the 
striking variations in groups of cases. The various lesions, will be 
discussed under the following headings :— 

(a) Generalized neurofibromatosis. 

(b) Plexifonn neuroma. 

(c) Cutaneous neurofibromatosis (multiple soft fibromas of skin, 

molluscum flbrosiun). 

(d) Elephantiasis neuromatosa. 

(e) Bilateral acoustic neuroma. 

{/) Primary aa^matif nerves. 
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Fio. 137. Sureoniii of tlie 
f» 08 tcrior tibiul nerve aris¬ 
ing on a basis of ncuro- 
tibrtnnatosis. Note ilic 
greatly thickened nerve, 
whicli enicrges near the 
lower extremity of the 
tumour. The other nerves 
of the limb showed the 
features characteristic of 
neurofibromatosis. 

(Department of Surgeru, Vnivereify 
of edinburgh.) 


(a) Generalized neuroffl^^matosis rariei 
greatly in its distributi^. Any of the 
cerebrosi>inal nerves may be affected, as 
well as tlie ganglia on the posterior nerve 
roots, and the nerve fibres within the 
muscles and bones. The nerve roots 
within the spinal canal may also be 
affected, and this most often occurs in the 
cervical regiiW' and in the cauda equina. 
The affected nerves are diffusely and ir¬ 
regularly thickened so that small twigs 
may assume giant proportions; and, at 
intervals in the course of the nerves, growth 
may be exaggerated so as to form tumour¬ 
like swellings. 

If one of the affected nerves is examined 
in transverse section the most notable 
change is the overgrowth of connective 
tissue within the primary bundles of the 
nerve. Certain bundles may be affected at 
one point and may be exempt at another. 
Some bundles may escape completely 
while others are markedly affected. The 
nerve fibres appear to traverse the sub¬ 
stance of the swelling. The fibromatosis 
affects the endoneurium (the delicate con¬ 
nective tissue between the individual fibres 
of a nerve bundle), whereas the perineurium 
and the epineurium (outer sheath) are 
unaffected. There is no proliferation of 
the nerve fibres, and the only change which 
they undergo is compression and elonga¬ 
tion. There is no degeneration and, there¬ 
fore, no sensory or motor changes are 
observed. 

In a considerable proportion of cases 
one of the tumours assumes malignant 
characters (so-called secondary malignant 
neui-oma). Such transformation, by which 
the tumour assumes the features of a 
rapidly growing sarcoma, often follows 
injury or an attempt at removal. 

(b) A plexifonn neuroma is the result of 


diffuse fibromatous thickening of the branches of a nerve ; the resulting 
swelling is palpable beneath the skin and may resemble thrombosed 
tortuous vessels. In more than half the cases there are manifestations 


elsewhere of generalized neurofibromatosis. 

The commonest situations for a plexiform neuroma are the sub¬ 
cutaneous tissues of the head and neck, the large nerves of the 
extremities, and the autonomic plexus of the abdomen. ■ The skin ovei' 
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the tumours nny|y show localized overgrowth and (pigmentation, and the 
masses of thick%ed skin may become pendulous. 

(c) Cutaneous neurofilnromatosis (molluscum libiosum) gives rise to 
multiple, soft, fibrous swellings of the skin, which vary in size fn>ni a 
pin’s head to a plum or larger. They arise in connexion with the 
terminal filaments of cutaneous nerves. They may be sessile or pedun- 



Fiu. 138. Cutaneous neurofibromatosis. Note the l&rge tumour of the 
right buttock and the patches of pigmentation. The woman’s father 
suffered from neurofibromatosis. 


{Miueum of Royal College of Surgeont of Edinburgh.) 


culated and are most numerous over the breast, back and abdomen. 
They may be very abundant on the scalp and the extremities, but the 
palmar surface of the hand and the sole of the foot escape. 

In the majority of cases of cutaneous neurofibromatosis there 
is pigmentation of the skin, either in spots or diffusely disposed, and 
actual melanomata may be present. In addition, neurofibromatosis 
of the larger nerves is present in-a large proportion of cases. 

(d) Elqihantiasis Neuromatosa. All intermediate grades may be 
recognized between molluscum iibrosum and elephantiasis neuro> 
matosa; the two may coexist, and may be associated with generalized 
overgrowth of the nerves, and with plexiform neuroma. 

«. PATS. 
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Fiu. I<t0. Eleplitiiitiusis iii'uroinatosa. 
{Muieum of Royal VMege of Sturgeons of Rdinhurgh.) 


The disease generally affects 
one of the extremities, especially 
the lower. It is of congenital 
origin and begins in a brown 
spot or mole, or in an area 
of neurofibromatosis, which may 
or may not be pigmented or hairy. 
The increase in size of the affected 
part is gradual, but may occur 
abruptly at puberty. 

The skin and cellular tissues 
are enormously thickened and 
the subcutaneous fat is replaced 
by fibrous tissue. The sub¬ 
cutaneous tissues present an 
(edematous, glistening, greyish 
white appearance; in places they 
arc soft and gelatinous, in others 
tliey are white, dry and fibrous. 
A variable number of tumours, 
isolated or in strings, may be 
present. 

{e) Bilateral Acoustic 
Neuroma. In rare instances 
neurofibromatosis may be 
associated with bilateral acoustic 


nerve tumours. TJie disease has a striking familial incidence, showing 
itself as a Mendclian dominant. Tumours of the dura and the choroid 
plexus may sometimes coexist. 

(/) Primary Sarcoma of Nerv^. A sarcoma usually originates in a 
nerve already the seat of fibromatosis, and the resulting tumour is 
usually of a spindle-cell or myxosarcomatous character : it ])ossesses no 
appearances suggesting its neural origin. The tumour grows rapidly, 
is markedly radio-resistant, and recurs promptly after local removal. 
Metastasis is to be expected in at least 20% of cases. 


(3) Gai^lioneuroma. 

This is the most highly differentiated type of nerve tumour and 
arises in connexion with the sympathetic trunks in the abdomen, neck, 
and the mediastinum. It commonly occurs in relation to the suprarenal 
gland. Histologically, it is composed of uni- or multi-polar giant cells 
in varymg numbers scattered amongst nerve fibrils which may or may 
not be myelinated {Fig. 134). In rare instances ganglion cells are 
absent and the tumour consists of masses of amyelinated nerve fibres, 
a feature which suggests that nerve fibres may proliferate without the 
trophic influence of ganglion cells. Such tumours have been found in 
multiple form in the .medulla, cord and pia mater,.and in the medias¬ 
tinum. 

A ganglioneuromft commonly occurs in childhood. It varies in size 
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from a pea to larger than a melon. Some specimens are lobtllated, 
others smooth and rounded. In appearanee it resembles a fibroma 
or a lipoma. It is imattended by any symptoms suggestive of a nervous 
origin or structure, and such pathological effect as it produces is diji^ to 
pressure. 


(4) Sympathicoblastoma (Neuroblastoma). 

This tumour develops from immature cells of the sympathetic 
nervous system, and is therefore common in the first years of life. 
There is great variation in the structure of the tumour. The most 
undifferentiated (which nearly always occurs in the region of the kidney) 
is composed of lymphocyte-like cells, often arranged like staphylococci, 
and intensely argentophilic. Rosette formations may be present at 
the periphery of the tumour, but there are no fibrils. Such tumours 
are rapid growing, reach a large size and metastasize widely. The more 
differentiated types (which also are commonest in relationship to the 
suprarenal gland, but may occur in the neck, the ea-liac ganglion and 
other sites) are usually smaller and arc composed of more differentiated 
cells often of larger size than in the undifferentiated with more 
numerous rosette formations, nerve fibrils, axis cylinders and ganglion 
cells. They may metastasize by the blood or lymph channels. It has 
been observed repeatedly that if ganglion cells are prt'sent in the parent 
tumour they arc not found in rnetastases. 

It has been observed that an undifferentiated tumour may during 
years gradually change its character and become differentiated, i.e., the 
normal evolutions of the sympathetic nervous system are reproduced 
within the tumour. 


(5) Stump Neuroma. 

A traumatic or stump neuroma arises in the divided nerves after 
amputation. The occurrence of a small bulbous or fusiform swelling 
at this situation is normal, but in some circumstances the “ neuroma” 
assumes a large size, especially if there has been infection. 

The bulbous swelling consists of fibrous tissue, newly formed un¬ 
myelinated nerve fibres in irregular formation, and a syncytium of cells 
derived from the neurilemma sheath. 

Bulbous enlargement of the nerve trunks may also follow repair of 
a nerve after division, and prolonged irritation, as in traumatic ulnar 
neuritis. 


(6) Glomal Tumour (Glomangioma). 

This is a tumour of one of the cutaneous glomera, the specialized 
arterio-venous anastomoses which are believed to have the effect of 
regulating the temperature and maintaining the circulation in peri¬ 
pheral parts exposed to cold. 

The normal glomus consists of a much convoluted, modified arteriole 
communicating directly with a vein. It has a rich perivascular nervous 

11—*3 
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network and is believed to be capable of independent dilatation and 
contraction. It probably exercises its function by acting as a circula¬ 
tory shunt, diverting blood into or away from the local capillary 
network. 

The glomera are most numerous in the extremities, especially in 
the nail-beds, and tumours of the glomera are also more common in 
these sites. The tumour is of slow growth and encapsuled. It may 
be symptomless or give rise to pain of a burning or bursting nature, 
originating in the tumour and sometimes radiating widely. 

Pain is most common in subungual tumours, and may be brought 
on by pressure or light touch, or even by a change of temperature. 

Microscopically the tumour is an angioneuromyoma. There are 
cavernous blood spaces containing red cells or thrombus, thick-walled 
blood vessels showing proliferation of the muscle cells of the media, and 
nmnerous nerve twigs bearing hyperplastic perineurium. A character¬ 
istic featiure is the presence of masses of glomus cells, cuboidal cells 
normally found beneath the endothelium of the vascular channel of 
the glomus. In the tumour these cells lie in coherent perivascular 
sheets. They are of uniform appearaiiec, cuboidal in shape, with 
rounded hyperchromatic nuclei and distinet limiting membranes. 
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CHAPTER XVI 

DISEASES OF THE THORAX 


DISEASES OF THE PLEURA 
PNEUMOTHORAX 

Knowledge of the phenomena of pneumothorax in its various 
forms is essential for the proper appreciation of the effects of diseases 
of the lungs and pleura, and for the safe conduct of measures for their 
relief. 

In health, the parietal and visceral layers of pleura are virtually 
in contact; for the pleural cavity is merely a capillary interval con¬ 
taining the film of lymph that moistens their surfaces. They are 
kept in contact by the distension of the lung under atmospheric pres¬ 
sure ; and, owing to traction of the elastic tissue of the lung, the 
pressure of the potential pleural cavity is negative. During the 
inspiratory expansion of the chest the pressure diminishes till it is 
— 7 mm. to — 9 mm. of mercury at the end of inspiration ; and air 
enters through the air passages and distends the lung still further to 
prevent a vacuum. In expiratory contraction of the chest, which is 
normally a passive movement, the lung shrinks by its inherent elasticity 
and partially evacuates its air; and the intrapleural pressure rises, 
but even at the end of expiration it does not equal the atmospheric 
pressure unless the glottis is closed. Deep inspiration may increase the 
negative intrapleural pressure to — 80 mm. Hg. and a forceful expiratory 
effort, such as coughing, produces positive readmgs as great as + 50 or 
-f- 60 mm. Hg. The effects of alteration of the limg volume upon the 
intrapleural pressure will be considered more fully when the diseases 
that produce them are dealt with. 

When air is present in the pleural cavity the condition is called 
pneumothorax. In open pneumothorax the air has free entrance and 
exit through a wound in the chest wall. In closed pneumotiiorax the 
air has neither entrance nor exit. In valvular or tension pneumothorax 
the air maj^ enter but not escape from the pleural cavity. Each variety 
requires separate discussion. 

Open Pneumothorax 

Open pneumothorax may be the result of an injury to the thoracic 
wall, or it may be produced deliberately in operations on the thoracic 
/iscera. Wlien an opening is m$ule in the chest wall, air rushes into 
:he pleural cavity, and the pressure within it rises. The lung—^no 
longer responsible for the prevention of a vacuum—shrinks or collapses, 
>wing to its elasticity, to the extent of the space occupied by the 
nvadmg air. The only air effectual for oxygenating the blood is 
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that which enters by the air passages, and with ordinary respiration 
that would now be less than the normal requirement by the amount 
which enters through the opening in the chest wall; therefore, to 
maintain adequate oxygenation the patient must increase either the 
rate or the depth of respiration. In health a small opening is usually 
well tolerated, for only a little air enters, and a healthy system has 
strength to cope with the difficulty aind can accommodate itself to 
the change. The normal requirement at each inspiration is approxi¬ 
mately 500 c.em. of air (the tidal air), whereas, the maximum amount 
a healthy adult can inhale is almost 4,000 c.cm. 

If the opening in the chest wall be large, the condition may be 
serious. The lung shrinks to one-third or less of its original bulk, and 
the partial or complete collapse of the alveoli puts even more than 
two-thirds of it out of effective action. Also, the other lung suffers 
reduction, for the mediastinal septum—in health (especially in young 
subjects) a soft and yielding partition made up chiefly of the heart and 
great vessels—is pushed by atmospheric pressure towards the sound side 
with each inspiration, to help to prevent the formation of a vacuum on 
that side. The septum moves back on expiration. This to and fro 
movement is accompanied by a mediastinal flutter, i.e., a tremulous 
quivering of the structures in the septum, and since the heart is 
implicated in these movements they may be associated with a rapid 
pulse and shock. In addition, if a large open pneumothorax is long 
maintained the heat-loss from the body is considerable, and, as a 
result of the changed pressure relationship in the pleura, the return 
of venous blood to the heart may be impeded. In a large pneumo¬ 
thorax the air taken into the opposite lung is derived chiefly from 
the exterior, but also, in a small part, from the collapsed lung, and 
during expiration the air is expelled through the trachea and partly 
into the collapsed lung, which becomes expanded to an extent pro¬ 
portionate to the expiratory effort. The movements of the lung 
on the side of the open pneumothorax are therefore reversed, since 
the lung collapses during inspiration and expands during expiration 
{paradoxical respiration). The re-breathing of vitiated air which 
results from the paradoxical respiration leads to dyspnoea and demands 
violent respiratory movements to neutralize its ill effects. 

These untoward effects ol open pneumothorax are seldom witnessed 
except in severe injuries to the chest, especially if already there is a 
considerable degree of shock. They are not usually experienced in 
operations within the pleura provided the opposite lung is healthy and 
the patient’s vital capacity ^ is fairly normal. A large opening into the 
pleura, in which the lung coUapses, can be made with impunity. Even 
though the patient lies on the normal side respiration is undisturbed. 
A further safeguard against the possible ill-effects of open pneumo¬ 
thorax is provided by the modern methods of anaesthesia which ensure 
delivery of so high a concentration of oxygen to the lungs that anoxaemia 
is not likely to occur if the airway is unobstructed. 

* The vital eapacUy is a valuable iodication of the respiratory reserve. It is 
defined as the maidmum amount of air which can be exhaled after a maximum 
inhalation: on the average it is about 8,500 c.cm. 
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Valvular and Tension Pneumothorax 

This form of pneumothorax may be urgent. It is usually attended 
by considerable shock and may lead to fatal asphyxia. The commonest 
cause is rupture of the wall of a superficial vomica in a tuberculous 
lung and the consequent establishment of a valvular communication 
between the air passages and the pleural cavity. The pleural Cavity 
becomes greatly distended with air and sometimes purulent material. 
The wall of a tuberculous cavity may rupture during the treatment of 
pulmonary tuberculosis by artificial jincumothorax, especially if adhe¬ 
sions between the pulmonic and ]>arietal pleura are situated over a 
cavity or an active focus of disease. 

Other causes of tension pneumothorax are :— 

(1) Rupture of an emphysematous bulla. This may take place in 
an apparently healthy person. Usually the air is rapidly absorbed, 
but recurrence, occasionally on the opposite side, is not uncommon. 

(2) Stab or bullet wounds that penetrate the lung. In such cases 
the condition is complicated by ha’mothorax. 

(3) “ Sucking ” wounds of the chest wall. 

(4) Escape of air from a divided bronchus (bronchial fistula) afte^r an 
operation on the lung. 

When a large quantity of air is confined within the pleural cavity 
the pressure is usually greatly raised, and as high a reading as 20 mm. 
of mercury may be registered. Not only is the lung on the affected sifle 
compressed but the mediastinum is displaced towards the sound side, 
and (when tlie right side is affected) the direct pressure on the great 
veins and the auricle may impede the blood flow to the heart. 


Closed Pneumothorax 

This form of pneumothorax is usually produced artificially as a 
therapeutic measure to secure rest for a tuberculous lung, air being 
introduced into the pleural cavity to cause partial or complete collapse 
(artificial pneumothorax). 

By the introduction of air the intrapleural pressure is modified and 
the expansibility of the lung is proportionately decreased. If, however, 
the opposite lung is healthy, complete pulmonary collapse may be 
tolerated without any ill effects, unless the mediastinal septum is 
unduly flexible, when the respiratory capacity of the opposite lung 
may be seriously affected by displacement of the septum. In such 
cases the intrapleural pressure on the side opposite the pneumothorax 
may be actually raised, and the expansion of the lung may be so 
hampered that dyspnoea and cyanosis result. 

Air in a closed pneumothorax disappears completely in a few weeks 
and sometimes in a few days. On this account early experimenters with 
artificial pneumothorax substituted nitrogen for air in the belief that it 
would disappear less rapidly. It is now known that, owing to the 
diffusion of gases between the alveoli and the pleural cavity, the com¬ 
position of the contents of a pneumothorax, even if pure nitrogen or 
oxygen has been introduced, soon becomes the same as that of alveolar 
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air. For that rea 3 on it is now customary to We air for artificial pneu¬ 
mothorax rather than nitrogen, because of its greater convenience. 

It has been calculated that the adult pleural cavity will hold 8,000 
to c.cm. of air. Its rate of absorption is very variable, but, on 
an average, 80 to, 100 c.cm. are absorbed per diem. The rate of absorp¬ 
tion is increased by bodily activity, and is diminished by advanced 
disease of the lung and by pleurisy, whether past or present. 

ACUTE EMPYEMA 

Acute inflammation of the pleura is often attended by an efiusion 
of serous or sero-fibrinous fluid into the pleural sac, and when such an 
elfusion becomes purulent the condition is called empyema. It is the 
commonest surgical disease of the thorax at any age. 

.etiology and Sources of Infection 

Infection may reach the pleura by any of three avenues : (1) directly 
from the lung, mediastinum or abdomen ; (2) by the blood stream; 
(8) through perforating wounds of the chest wall, 

(1) Direct Infection from the Lung^ Mediastinum, or Abdomen. The 
commonest cause of empyema is spread of infection from a lung which 
is the seat of pneumonia—either lobar pneumonia or bronchopneu¬ 
monia. It may occur during the acute stages of the pneumonia 
(synpneumonic), especially in bronchopneumonia, but more often it 
occurs when the pneumonia is undergoing resolution (metapncumonic). 

The micro-organism is usually the same as that of the initial 
pneumonia. In lobar pneumonia it is generally the pneumococcus; 
in bronchopneumonia it is sometimes a streptococcus, which may be 
of a haemolytic type. Sometimes the two organisms coexist. As the 
reaction of the pleura differs in many respects in pneumococcal and 
streptococcal infections, it is important, especially from the point of 
view of treatment, to differentiate between the two types (see below). 

Occasionally empyema follows rupture of an acute lung abscess on 
the pleural surface, and in such cases the pus is often putrid and 
contains anaerobic organisms, such as Cl. Welchii, spirochaetes, and large 
fusiform bacilli. In this type of empyema the pleural cavity often 
contains air derived from the lung (pyopneumothorax). I^trid 
empyema is, as might be expected, a common occurrence after operations 
for bronchiectasis. 

Empyema frequently follows suppuration in the peritoneal cavity. 
It is most common as a complication of perforated duodenal or gastric 
ulcer, suppurative appendicitis, or abscess of the liver. It is sometimes 
preceded by a subphrenic abscess. The avenue of infection in such 
circumstances is probably the subdiaphragmatic lymph plexus. The 
right pleural sac is more often involved than the left, and the bacillus 
the organism commonly present. 

In rare cases empyema follows those infections of the mediastinum 
that arise, for exampli^ from osteomyelitis of th? vertebras, from 
perforating' wounW. oesophagus, or from ceUifiitis of the D,eck. 

In syph cases the infecting organisms are genera]|^ streptococci or 
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staphylococci, sometimes accompanied by other bacterilf, and the 
disease takes a rapid course and usually is fatal. ' 

(2) Infection by the Blood Stream. Empyema of hasmatogenous 
origin is generally streptococcal or staphylococcal. Usually it is a 
complication of acute tonsillitis, scarlet fever, puerperal sepsis or pyeemia.' 
Usually there is an intermediate pulmonary lesion such as multiple 
small abscesses at the surface of the lung. 

(8) Infection through Penetrating Wounds. Empyema from direct 
infection may arise from bullet or stab wounds or after operations on 
the thoracic viscera. The presence of effused blood in the pleural cavity 
predisposes to infection. 


Types of Empyema 

The pathological changes in the pleura and the lung vary with the 
organism responsible, and the differences between pneumococcal and 
streptococcal infection are sufficiently great to warrant separate 
descriptions. 

Pneumococcal Type. Pneumococcal empyema generally occurs a 
week or more after the crisis of lobar pneumonia : the Type I organism 
is most often responsible. In the early stages the pleural cavity contains 
a variable amount of scro-fibrinous or scro-purulent fluid. It is the 
infection of a residual pleural effusion. The pleura is congested and 
oedematous and lacks its normal lustre. On the surface of the lung, 
especially over the lower lobe behind, an exudate of pimulent lymph 
adheres loosely to the parietal pleiua. According to the stage of resolu¬ 
tion of the antecedent pneumonia the lung may be firm and solid, or 
spongy and elastic. 

At quite an early stage the pleural effusion becomes thick and 
definitely purulent; the pus is greenish-yellow in colour and generally 
contains semi-solid coagula of fibrinous purulent lymph. The effusion 
gravitates to the lower and posterior part of the pleura. It varies 
from 20 c.cm. to over a litre. Adhesion of the parietal and pulmonic 
pleura around and beyond it circumscribes it at so early a stage that 
it is technically an abscess. It is characteristic of this t}rpe of empyema 
that the inflamed parts of the pleura rapidly become thickened, and if 
evacuation of the pus is deferred too long the lung may fail to re-expand. 

Pneumococcal empyema usually develops after the crisis of pneu¬ 
monia, i.e., when obliterated alveoli are resuming their function, and 
when the patient is recovering from the immediate effects of the disease. 
The effusion early becomes circumscribed by adhesions and then 
thoracotomy can be safely undertaken, for it is not attended by the 
dangers of an open pneumothorax. 

Strq»tococcal Type. This variety of empyema results from a 
gen^alized pleuritis, which may arise coincidentally with or soiq^ 
after the onset of streptococcal bronchopneumoniaL Tbe pleura, esf^i- 
ally the pulmonic layer, shows widespread congestion and sometimes 
discrete areas of haemorrhage. The effusion tiSSds,to.be iMrger thaui in 
the pneumococcic variety, and is at first greenisfa-brown or even 
hsemurrhagic; gradually it becomes sero>fibrinoi:d(r"snd only ib the 
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j^course of a week or more does it become purulent. The pus is generally 
much thinner and less green than in pneumococcal empyema, and 
j;|[^fibrin, if present, is in the form of shreds or small flakes. 

The large size of the effusion and generalized and acute nature of 
the pleurisy in the early stages retard the formation of adhesions, but 
when finally they do occur, the empyema does not differ from the 
pneumococcal type. 

The ei^usion remains thin for a long period and adhesions arc laic in 
forming.^ Early thoracotomy therefore imposes the dangers of an open 
pneumothorax at a time when the vital capacity is taxed to the utmost, 
and drainage is secured only at the cost of putting out of action what 
relatively little pulmonary tissue is still functioning. Too early 
drainage therefore sometimes promotes a fatal issue. In this variety 
of empyema (especially if it is associated with broncho-pneumonia), 
the treatment is at first expectant, but if the effusion is so large that it 
embarrasses respiration, it may be aspirated. Open drainage is resorted 
to later, when the general condition has improved. The most con¬ 
venient indication that the time for open drainage has come is the 
discovery of thick pus on aspiration, for almost certainly by the time 
that the exudate has changed from its initial scro-fibrinous nature to 
a purulent character the pneumonia will be resolving, the patient’s 
vital capacity will have increased, and pleural adhesions will have 
formed. In all eases, general and local conditions should determine the 
appropriate time for, and method of, intervention. 

Effects of Empyema 

A large empyema may cause considerable compression of the lung, 
and may push the heart, great vessels and trachea towards the opposite 
side. 

If the pus is not evacuated, the exudate becomes organized and the 
pleura greatly thickened ; the walls of the empyema cavity may be 
25 mm. or more in thickness and may become calcified. If the empyema 
is not drained and if the exudate is large the lung is compressed into a 
small fibrous mass against the vertebral column, where it is fixed by 
the thickened pleura, and much deformity of the chest may follov/. 

The pus of an undrained and active empyema may burrow into the 
lung, or it may perforate an intercostal space {empyema necessitatis). 
External nipture usually occure at the front of the chest close to the 
sternum. 


Special Types of Empyema 

Interlobar Empyema. Occasionally a pleural effusion is confined to 
one of the pizlmonary fissures, especially in the right lung; and when 
suppuration occurs a circumscribed abscess results. Such an empyema 
is usually small and may rupture into the pleural cavity, but more 
often opens into one of the large bronchi, after which its walls become 
approximated from expansion of the surrounding lung, and spontaneous 
ciu^ results. In cases an interlobar empyema becomes organized 
and its capsule calcified. 
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Mediastinal Empyema. A purulent pleural effusion may become 
localized in tliat portion of the pleural cavity that, abuts on the medias¬ 
tinum, and inav siniulate a collection of pus in the rne<liastinum 
(Fig. 140). 

Apical Empyema. In rare instances an cinpycnia may be lot;alized 
in the apical region of the chest, either in front, behind, or laterally. It 
possesses no special features except that cardiac pulsation may be trans¬ 
mitted to it, especially when it is situated on the left side. 

BUatetal empyema sometimes occurs as a complication of l)roneho- 



Fig. 140. Acute empyema confined to the mediastinal aspect of the 

right pleural cavity. 

pneumonia in children or of influenza in adults. It calls for special 
consideration in regard to treatment. 

Pyopneumothorax is most often associated with tuberculosis, but may 
follow rupture of an acute lung abscess into the pleura. The infecting 
organisms are usually of a virulent type ; pleural adhesions have not 
yet formed and the disease generally takes a rapid course. It the 
aperture in the lung is valvular a tension pneumothorax wiU result 
and give rise to great distress in respiration. A broncho-pleural fistula 
may persist after the contents of the empyema have been evacuated. 

Tuberculous pyopneumothorax is usually due to breakmg down of 
tuberculous foci at the periphery of the lung or to rupture of the wall 
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of a tuberculous cavity. The condition not infrequently arises during 
treatment of pulmonary tuberculosis by artificial pneumothorax. 
Superadded pyogenic infection, sometimes putrid, is not uncommon. 

'« • 

Rare Forms of Pleural Effusion 

Chylous (cfaylothorax) is uncommon. It may arise from injury 

to the thoraeic duct and pleura in fractures and gun-shot wounds, or 
from injury during operations on the oesophagus. The fluid tends to 
accumulate rapidly and may lead to fatal asphyxia. At. first it is oft<‘n 
bloodstained^ later it is yellowish-white and the microscope reveals fat 
droplets and a variable number of lymphocytes. 

Pseudo>chylous effusion is the name given to opalescent and milky 
effusions sometimes associated with malignant diseases of the lung and 
pleura. 

Biliary effusion is very rare. It occurs as a complication of suppura¬ 
tive lesions of the liver or the bile ducts, after the establishment of a 
fistulous conununication through the diaphragm. 

Cholesterol effusion is exceedingly rare. The exact cause is un¬ 
known. It is usually preceded by a serous effusion which may be 
general or localized. The fluid is usually of brownish colour and con¬ 
tains the characteristic rhomboidal crystals of cholesterol. The surface 
of the pleura may be gritty from the accumulation of cholesterol. 

CHRONIC EMPYEMA 

I In ordinary circumstances the walls of an empyema cavity are 
approximated mainly by expansion of the lung and, to a less extent, 
by .ascent of tlie diaphragm, shrinkage of the chest wall, and Reflection 
of the mediastinal septum. The opposed surfaces of the p^ietal and 
pulmonic pleurae bounding the cavity adhere to each other owing to the 
Sticky chameter of the effusion that covers them. Organization takes 
place in this effusion, binding the two pleural layers together and 
permanently obliterating the empyema cavity. ;*.^hcse natural processes 
of obliteration and healing may be incomplete',' and the space persisting 
between the pulmonic and parietal pleure is known as a chronic 
empyema cavity, 

iGtiology. The chief factors which lead to this chronic state are 
(a) persistence of infection, and (6) failure of the lung to expand. Either 
or both of these factors are usually attributable to one or more of the 
following causes:— 

(1) Undue delay in the drainage of an aciite empyema, particularly 
one of pneumococcal type, which allows the thickened pleural surfaces 
to become organized and rigid, and thus prevents re-expansion of the 
lung. 

(2) Too early drainage of an acute empyema, particularly one of 
the streptococcal type, in which absence of adhesions permits complete 
collapse of the limg. 

(8) luEulequate drainage through a small or tortuous or improperly 
pla^ opoimg, ' 
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(4) The presence of portions of dead rib or of foreign bodies, such as 
a rubber drainage tube. 

(5) The coexistence of disease in the lung, for example, chronic 
interetitial fibrosis, which interferes with expansion of the lung. 

(6) The presence of tuberculosis, abscess or new growth in the lung, 
or of suppurating cysts in the lung or mediastiniun. 

(7) The presence of a broncho-pleural fistula, which maintains 
infection and also reduces the inspiratory expansion of the lung. 




Fio. 141. Calcification in the walls of a chronic empyema. 

Morbid Anatomy. When an empyema cavity fails to heal a sinus 
usually persists, and pus may escape ^m it continuously or inter¬ 
mittently. It frequently happens that^he wound in the parietes heals 
temporarily, and after a variable period reopens and pus escapes again^ 
Healing and discharge may alternate during many months or years, 
and In such cases the accumulation of pus in the pleujml cavity may be 
attended by pain, fever, and a variable degree of,sy^emic disturbance. 

The size and shape of a clnonic empyema are very* variable. The 
cavity may be quite small, or it may involve practically the whole 
side of the thorax. Usually the cavity is in tlie pimy^atebrai g^tter^ 
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and is large below and tapering towards the apex of the eliest. Smaller 
cavities may communicate with the main chamber like diverticula. \ 

The walls of the cavity, formed by the pulmonic and parietal plehra, 
are often greatly thickened and tough. If the cavity contains no pus 
the surfaces may be quite smooth and dry ; but when infection remains 
and there is a collection of pus the pleural surfaces are coated with a 
purulent exudate of lymph or with soft osdematous granulation tissue. 
In old'Standing cases the exudate may undergo calcification so that 
the cavity is lined with a calcareous shell (Fig. 141). 

Operation offers a favourable oj)portunity for studying the 
characters of the tissues surrounding a chronic empyema. The ribs are 
usually closer together than in a healthy chest and may overlie one 
another; if there have been previous operations they may be fused. 
The bone varies in density according to the duration of the empyema ; 
in fairly recent cases the periosteum is thick and more vascular than 
normally and the bone is less dense ; in old-standing cases the ribs are 
sclerosed. The parietal pleura may be three or more centimetres thick. 
In recent cases it is often ocdemalous and vascular and bleeds freely; 
in older cases it is extremely dense and unyielding, and may be as hard 
as leather. Areas of calcification (or even of bone) may be present in 
the thickened membrane. When the diaphragmatic pleura is affected, 
the diaphragm is usually fixed in an elevated position. When the 
pericardial pleura is involved, the resulting adhesions may embarrass 
the action of the heart. 

The pulmonic pleura also is thickened, though seldom to such an 
extent as the parietal, and the thick and rigid pleura interferes with the 
expansion of the lung. If incisions are made, into the thickened pul¬ 
monic pleura a plane of cleavage between the original pleura and the 
organized exudate may be discovered, sometimes easily, usually with 
difficulty. 

In chronic empyema the lung, though reduced in size, is often 
capable of full expansion if liberated from its adhesions. If the cavity 
is very large the lung may be reduced to very small size and fixed against 
the bodies of the vertebrae. In a few cnsec the lung becomes the 
site of atelectasis and fibrous induration, and is then incapable of 
expansion. 

If chronic empyema is of recent origin, and if a considerable degree 
of infection persists, healing may be promoted by adequate drainage 
and by measures to encourage re-expansion of the lung. When the 
cavity is of old standing, mechanical factors are the chief barrier to 
healing. Obliteration of the cavity may be attempted by stripping the 
thick pleura from the lung {decortication), but if (as is usual) no plane 
of cleavage is found the rigid outer walls of the cavity require removal, 
so that the muscles and skin may adhere to the pulmonary wall of the 
cavity. 

Effects of Chronic Empyema. In young subjects the fibrosis and 
consequent contraction induced by a chronic empyema are apt to 
interfere with the development of the thorax and to cause great 
deformity. The affected side becomes shrunken .and immobile, and the 
intercostal spaces are narrowed, while the diaphragni is elevated and 
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the mediast’nuiu is deviated towards the affected side. As a secondary 
result an extensive scoliosis may develop. 

The existe)''*e of a chronic empyema is sometimes compatible with 
fair health ; but often it leads to toxaemia, and eventually to antcmia, 
enoaciation and amyloid disease. As in other thoracic suppurations, 
clubbing of the fingers is apt to develop. An occasional fatal complica¬ 
tion is an abscess of the brain. 


DISEASES OF THE LUNG 
MASSIVE COLLAPSE OF THE LUNG—Atelectasis 

Collapse of part of a lung or of the whole of it is usually due to 
' agencies that exert pressure on it from without, and the commonest of 
them are pleural effusion and pneumothorax. In those circumstances 
collapse of the lung occurs passively in response to the external pressure, 
and the extent of the pulmonary collapse is, of course, proportionate 
to the pleural space occupied by the compressing agent, and the lung, 
though partly collapsed, remains capable of a limited amount of respira¬ 
tory excursion. But, in the condition known as massive collapse, 
the lung, or part of it, is rendered airless from intrinsic causes, and 
undergoes a^ive collapse for a variable period. The negative intra¬ 
pleural pressure, exaggerated by the sudden shrinkage of the hing, 
maintains the apposition of the lung to the parietes, and to prevent the 
formation of a vacuum the mediastinal septum is drawn to the affected 
side. The cause of the pulmonary deflation is absorption of the alveolar 
air after obstruction of the bronchi of the affected part of the lung. 
Such collapse is commoner on the right side and most often affects part 
of, or the entire lower lobe of the lung. 

Massive collapse is most frequent as a (ioinplication following 
surgical operations, especially those on the abdominal viscera, but it 
has occurred after fractures of the limbs or injuries to the thorax, and 
occasionally in association with diseases of the lungs, such as bronchial 
tumours and the pressure of tuberculous glands at the lung root. It 
may follow any form of anaesthesia, even local. The subjects of this 
complication are usually strong young adults, and the greatest number 
of cases have followed operations on the appendix, and the gall bladder, 
and those for inguinal hernia. 

Mode of Onset and Progress. In the most obvious cases the onset 
is sudden—often within forty-eight hours of operation—and gives rise 
to an alarming crisis, evidenced mainly by severe dyspnoea and pain 
in the chest. Sometimes the symptoms are less dramatic, and in others 
are so slight that the condition may not be suspected. Often there are 
premonitory signs or symptoms, such as flushing of the face, tightness 
of the chest and cough. The temperature rises suddenly to about 101®, 
and the pulse rate is increased., 

During a severe attack the appearance ^nd attitude of the patient 
are characteristic. There is dyspnoea accompanied by cyanosis. The 
patient lies on, or inclines towards, the affected side. Cough is slight 
and sputum is scanty or absent. The patient may remain in distress 
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for 12 to 86 hours or longer;' relief may come abruptly after violent 
coughing, or after a sudden movement.' As the attack subsides a con¬ 
siderable quantity of purulent tenacious mucus may be expectorated. 

During the attack the affected side of the chest is almost immobile, 
and is flattened, and the ribs arc ai>proximated. Deflection of the 
heart towards the side of collapse is one of the most characteristic signs. 
On percussion there is an area of dullness corresfKinding to the portion 
of lung collapsed, and the breath sounds and vocal fremitus are 
diminished. The physical signs may alter from time to time, and 
tubular breathing and coarse crepitations may be present as the attack 
terminates. . 

The collapsed portion of the lung is represented in a radiogram by 



Fio. 142. Post-o{)erative massive collapse of the lung. A radiogram two 
days after the onset of massive collapse following operation for per¬ 
forated gastric ulcer. Note the increased density at the left base, and 
the deviation of the heart and the trachea to that side. 


a uniformly opaque shadow. The mediastinal septum, consisting of 
the heart, trachea, etc., is deviated towards the affected side, the ribs 
are approximated and the diaphragm is elevated. The unaffected side 
shows abnormal transluceney from “ compensatory ” emphysema (see 
Fig. 142). 

The intrapleural pressure on the affected side is reduced to —15 or 
— 20 mm. of mercury, and respiratoiy movements effect practically no 
change in the reading. 

Causation. There has been much discussion as to the exact cause 
of massive ^Imbnary collapse, and many theories to explain its origin 
have been advanced. Argument has been centred chiefly around the 
nature and the mode of production of the bronchial obstructimi that 
cul^nates in atelectasis. The view most widely gheld, and most 
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tion of one or several of the larger bronchi by tenacious exudate, such 
as is likely to accumulate when there is already some degree of bronchial 
catarrh and respiration is impeded by diminished movement of the 
diaphragm and abdominal muscles. The bronchial obstruction is 
followed by the absorption of most of the alveolar air, and the un¬ 
supported vesicles of the lung collapse. 

Other theories, not always based on observation, have attributed 
the bronchial obstruction to reflex spasm of the bronchioles of one 
region of the lung, to cedema of the bronchial mucous membrane 
(possibly of allergic origin), and to circulatory changes in part of the 
lung. 

It is not surprising that massive collapse may be associated with or 
followed by bronchopneumonia or even bronchie^asis. The mechanical 
obstruction of the chief bronchi favours stagnation of secretions and 
propagation of infection, and the negative pressure within the collapsed 
lung tends to draw the exudate still more distally within the bronchial 
passages. 


POST-OPERATIVE PULMONARY EMBOLISM 

Statistics of large hospitals show that pulmonary embolism is 
responsible for death about once in every thousand operations. But 
non-fatal cases are much more frequent and constitute a fairly common 
post-operative pulmonary complication, especially in stout subjects 
after the age of forty-five years. 

The severity of pulmonary embolism depends principally on the 
degree of occlusion of the pulmonary artery and/or its branches. 

There are three familiar types of pulmonary embolism : (1) Those 
in which th^e are no premonitory s 3 rmptoms and death occurs rapidly 
or sometimes instantaneously. (2) Those in which there is an acute 
and sudden crisis with pain in the precordial region, severe dyspnoea 
and cyanosis, and the patient survives for several minutes or even a 
few hours, or may recover. (8) Those in which there is sharp pleuritic 
pain, dyspnoea, and later, haemoptysis from haemorrhagic infarction of 
part of the Ivmg ; in these, however, the outlook is favourable, even 
though there should be a second attack in the same, or the opposite, 
lung. 

Pulmonary embolism is most frequent after abdominal operations, 
although it may follow injuries or childbirth. It is most apt to follow 
operations on the pelvic organs, such as hysterectomy and prosta¬ 
tectomy, and operations on the upper part of the abdomen, but it may 
follow operations for hernia, appendicitis, and many other afiections. 
Embolism is not common after operations on the upper part of the 
body. 

Emboli too small to cause infarction, and therefore almost symptom¬ 
less, are cmnmonly foimd post-mortem in patients dying from a variety 
of surgical or medical diseases. 

The time of onset of pulmonary embolism ranges from 24 hours 
to 8 weeks after operation, but the usual time is about 10 days— 
that is w;|;i^','til|^iraBTBlescent patient b^ns to get out of bed and 
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move about. Premonitory si^^s and symptoms are generally absent; 
usually the patient has made a satisfactory recovery from operation, 
and the embolism is an unexpected complication; but in a number 
of instances the patient has been rather restless, has slept badly, and 
has had slight rises of temperature from time to time, and recovery 
from operation has not been so uneventful ac expected. ; The subjects 



Fio. 14U Fulmouary eiiiOolisni. Embolism occurred eight days after an 
operation for ventral hernia in a woman aged sixty-two years, who 
survived the sudden onset of pain and dyspna'a for fifteen minutes. 

The right iliac vein was the site of thrombosis. Note the coiled embolus 
in the right ventricle. 

of fatal pulmonary embolism are very often “ poor lives ” and suffering 
from^ debilitating illness. 

!^ost-mortem examination of fatal cases shows that the trunk of 
the pulmonary artery or the roots of its two branches are completely 
or a^ost completely blocked by a firm clot or clots, often several inches 
in length. Other clots, often coiled, attached to or separate from the 
main clot, may be in the right ventricle, cr extend even into the inferior 
vena eava (Fig. 148). In other instances one or othl» of the branches 
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of the pulraonarj’ artery is obstructed—such obstruction is almost 
always fotal from the sudden strain imposed on the right side of the 
heart. When the clot is smaller it passes further into the lung and 
obstructs one of the smaller pulmonary arteries and causes a cone- 
shaped hemorrhagic infarction in the lung. When sudden death occurs 
after impaction of a small embolus in a tributary of the pulmonary 
artery, it is attributed to reflex constriction of the remainder of the 
pulmonary artery, if no other contributory factors can be found. 

Sitiology. The primary clot does not necessarily form at the site 
of operation. Since many cases of embolism follow operations on the 
portal system, the thrombosis must obviously have been elsewhere. 
Post-mortem examination shows that in most instances the primary 
thrombosis has taken place in the large iliac veins, or in the hypo¬ 
gastric or femoral veins, or rarely in the inferior vena cava. The 
thrombosis is usually of “ silent ” type, and therefore escapes notice 
during life. In fatal cases the point from which a thrombus has become 
detached can be detected, and after its recovery from the j)ulmonary 
artery the thrombus may be relitted more or less accurately at its seat 
of origin. It is impossible to discover a lesion of the vessel wall, and 
usually there is no evidence of inflammatory reaction. The thrombus 
may be partly organized. 

The most important factor in the causation of intravascular ('lotting 
is stasis of the blood current, and this is especially apt to occur in 
old age, debility, and anaemia. Post-operative shock and prolonged 
immobility of the lower part of the body during and after operation 
exert the same influence. Many local factors, especially in abdominal 
operations, may favour stasis in the large veins, such as prolonged 
pressure of packs and retractors, which, in addition, may injure the 
endothelial lining of vessels. 

The importance of venous stasis in the causation of intravenous 
thrombosis is borne out by the infrequency with which pulmonary 
embolism follows operations on the upper part of the body, where the 
venous return is more active. 

In addition to venous stasis, an important factor is the presence of 
an excessive amount of coagulant substances in the circulation. Such 
substances are set free in every wound and play a valuable part in the 
normal process of haemostasis, but in extensive operations involving 
much injury to the tissues, it seems possible that excessive amounts 
reach the blood stream and thus favour intravascular clotting. In 
operations on the pelvic viscera the readiness with which the ferment 
may be absorbed locally into the large veins is obvious, and probably 
the proximity of large veins to these organs explains the frequency 
with which gynaecological operations are complicated by phlebitis and 
pulmonary embolism. 

It is presumed that the intravascular clotting occims at the time 
of operation, or at any rate, during the early post-operative period, 
when the maximum degree of venous stasis is present. The detachment 
of the thrombus from the surface of the veins is probably detemiined 
by sudden movement, such as coughing, or by sudden acceleration of 
the heart-beat following undue ejffort. 
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It has been suggested that infection plaj^ an important part in 
causinif the thrombosis, but there is little evidence in favour of this, 
except in so far as infection leads to or increases debility. 

FAT EMBOLISM 

Emboli of fat may lodge in the lung and sometimes the brain and 
other organs, and their effects may be fatal. This form of embolism 
sometimes follows fractures of long bones in adults and develops 
some three or more days after the accident. Less often it follows 
operations on bones (especially if they are rarefied), manipulation of 
joints or trivial injuries. 

Fat emboli probably come from the site of injury, but the local 
condition which favours their entry into the circulation is not under¬ 
stood. There is some unconfirmed experimental evidence that the blood 
plasma-fat may be precipitated in the capillaries of the lung under 
certain conditions, especially if ether anaesthesia has disturbed the 
normal processes of emulsification of fat. 

There are two types of fat embolism and they may be combined— 
the pulmonic (usually survived), in which the effects are due to wide¬ 
spread embolism in the terminal vessels ; and the systemic or cerebral, 
in which emboli lodge in different viscera (usually harmlessly) and the 
brain, where they commonly lead to fatal ischaemic effects. 

It is assumed that fat emboli reach the general circulation as a 
result of the increased circulatory tension in the lungs following upon 
obstruction of its vessels, or in some instances vid a patent foramen 
ovale. 

In fatal cases the appearance of the affected organs is characteristic. 
In the lungs there are areas of congestion and oedema and hsemorrhages 
beneath the pleura, and specific stains outline the fat droplets within 
the capillaries.^ In the ^ain the emboli lodge chiefly in the grey 
matter and produce in its terminal vessels multiple foci of haemorrhagic 
extravasation, likened to sprinkling of cayenne pepper. 

More widespread embolism may be suggested by the discovery of 
fat droplets in the urine and petechial haemorrhages in the skin. 

AIR EMBOLISM 

Air seldom enters a vein, but it may do so during operations in the 
neck or in the axilla or after stab wounds in these regions, and it has 
occurred during intravenous administration of fluids. 

The entry of air into a wounded vein depends on the negative 
intravenous pressure which is caused by the suction power of the 
thorax and to a less extent by that of the heart. It is most likely to 
occur where collapse of a vein is hindered by stiffening of its wall due to 
disease*or by adhesion to dense fascise. The entrance of air is recognized 
by a hissing sound in the wound, and this is followed by a churning 
sound in the chest caused by the air in the heart. 

1 Bmboli of fet can be demonstrated witUn the lungs in about 14% of subjects 
after>4eath. 
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Air embolism may occur at operations without apparent ill effect, 
for small amounts of air are held up in the pulmonary capillaries and 
are dissolved in the blood. Nevertheless, air embolism sometimes 
terminates fatally and at autopsy the right side of the heart is full of 
frothy blood. One or both lungs may have a bloodless appearance. 

Cerebral air embolism sometimes occurs during paracentesis of the 
chest, and especially during the induction of artificial'pneumothorax. 
Formerly the condition was confused with “ pleural shock,” which it 
resembles very closely. The embolism is due to the entry of air into one 
of the pulmonary veins as a result of puncture of the lung. The air 
may reach the pulmonary veins either througli the needle used fur 
artificial pneumothorax or from the alveoli of the lungs. It should be 
borne in mind that the pressure in the pulmonary veins is a negatiA'e 
one and that the air in the alveoli is at a slight positive pressure and 
may therefore be aspirated readily into a wounded vessel. The aspirated 
air passes through the left side of the heart to the systemic vessels* 
and a large proportion of it is directed to the carotid arteries and 
thence to the brain, and may cause loss of consciousness, blindness, 
paralysis or even death. 

Experimental observations suggest tliat quantities of air over 20 c.c. 
introduced into the pulmonary veins may have a lethal effect. 

SUPPURATION IN THE LUNG 
Bronchiectasis 

Many cases of bronchiectasis date back to childhood and owe their 
origin to bronchopneumonia or bronchitis following measles or whoop¬ 
ing-cough. When the disease begins in adult life it is usually due to 
bronchopneumonia, often of influenzal origin. Either in children or 
adults bronchiectasis may follow the aspiration of a foreign body or 
other infective material into the lung. In a considerable number of 
cases no definite antecedent actiological factor other than chronic 
infection of the nasal sinuses can be ascertained. 

When bronchiectasis follows acute respiratory infection the changes 
in the lung can be traced to an acute interstitial inflammation going on 
to necrosis and suppuration, which destroys the bronchial wall (including 
the muscle, elastic tissue, and cartilage), invades adjacent alveoli and 
creates a cavity alongside the bronchus and in communication with it. 
The cavity may be cylindrical or saccular according to the extent of the 
destruction. In the healing process the walls of the cavities are con¬ 
verted iiito granulation tissue, which later becomes fibrous tissue, and 
are lined with bronchial epithelium derived from proliferation of such 
islets of mucosa as have not perished during the acute inflammatory 
process. The epithelium is of a varied type—cubical, stratified, or 
squamous. 

In many cases of bronchiectasis (the so-called idiopathic) the patho¬ 
genesis is probably more insidious and the outcome of atelectasis 
resulting fr<xax brondiial obstruction by chronic inflammatory exudate 
or tuboreulous hilar glands. The atelectasis is associated with an 
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increased negative pressure in the collapsed lung, which, if sustained, 
brin^ about dilatation of the more slender portions of the bronchial 
tree distal to the obstruction. Such anatomical possibilities have been 
supported by clinical and experimental observation. 

In a bronchiectatic lung there is always a variable amount of 
interstitial fibrosis. It is greatest around the bronchi, but it is present 
also in the walls of the alveoli, and may sometimes extend to the surface 
of the lung. The fibrosis stiffens the walls of the bronchiectatic cavities 
and tends to keep them open, and hence the stagnation of secretions 
and persistence of infection which are such characteristic features of 
bronchiectasis. The destruction of muscle fibres and loss of the ciliated 
epithelium probably play a minor part in the retention of secretions. 
In all cases it is the severity of the superadded infection which deter¬ 
mines the clinical manifestations of the disease. Thus in some it is 
latent {dry bronchiectasis), in others there is repeated (and sometimes 
fatal) haimoptysis, and when there is gross infection, copious, often 
foul-smelling, sputum. 

Bronchiectasis may be scattered through the whole lung, but more 
often is confined to a part or the whole of the arborescences of the lower 
lobe bronchus, with in addition sometimes the lingula portion of the lobe 
above. Occasionally the disease is bilateral from the onset, or it 
may become so later. On account of the diffuse fibrous infiltration 
and the loss of elasticity, the lung is smaller and more solid than 
normally, and its power of expansion is greatly diminished. Pleural 
adhesions are often present, especially at the base of the lung, but 
sometimes they are absent even in severe cases. 

Bronchiectasis may be consistent with a state of moderately good 
health, but in many instances it is responsible for dyspnoea, cyanosis 
and chronic toxaemia. Exacerbations of the pulmonary infection may 
occur from time to time and may lead to a fatal issue. In a number of 
cases a metastatic cerebral abscess is responsible for death; sometimes 
the abscess is single, but quite frequently there ai-e multiple abscesses 
in different parts of the brain. 

Abscess of the Lung 

This form of pulmonary suppuration differs from bronchiectasis, 
with which it is often confused, in that it begins in the parenchyma 
of the lung and involves the bronchi only secondarily. A pulmonary 
abscess is much less common than bronchiectasis. It may result 
from local or from distant infective processes, and, according to its 
mode of origin, the following varieties may be recognized. 

(1) Solitary Putrid Lung Abscess. This is by far the commonest 
variety of abscess and is caused by anaerobic organisms. The source 
of the infection is the teeth, gums and tonsils ; the infective material 
reaches the lung by aspiration (so-called bronchial embolus), and the 
part of the lung affected is probably determined by posture. The 
entry of infective material occurs when the cough reflex is abolished as 
in deep sleep, or while the subject is under the influence of narcotics 
or anaesthesia—as, for example, in dental extractions or dining opera¬ 
tions on the nose or pharynx. , ’ 
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The site of the abscess is surprisingly constant, situated mainly 
peripherally either in the posterior subapieal axillary part of the 
upper lobe of the lung, or in the highest part of the lower lobe. The 
former is the commoner. It is therefore most evident in the axillary 
or the dorsal part of the chest. Jhe disease may on occasion pursue a 
very abrupt course culminating in gangrene within a fcw^ days : in the 
majority the onset and progress are more gradual with a climax in the 
exeeptoration of quantities of cvil-odourc d thin pus. 

If untreated the abscess is likely to become chronic because the 
drainage outlet is through small and swollen bronchi: indeed, total 
spontaneous healing occurs in little more than a fifth of cases, and its 
occurrence is not predictable in any one. 

The outer wall of the abscess abuts on the pleura and is thin and is 
' attached by moderately secure adhesions, usually sulficicnt to allow of 
drainage without contamination of the plcma. 

Delayed drainage may result in rupture into the pleural cavityj 
attended sometimes by escape of air (tension pneumothorax), and 
aggravation of the disease. 

(2) Non-putrid Solitary Abscess. 'J'his type is much less common. 
It is caused by aerobic streptococci, etc., which reach the lung by 
aspiration. It may occur too as a complication of pneumonia or of 
injury. The course of the tliseasc is less acute than in a gangrenous 
abscess, so much so that it may sometimes simulate pulmonary tuber¬ 
culosis or carcinoma. The outlook is more favourable than in other 
varieties of abscess as spontaneous resolution is quite usual. 

(3) Staphylococcal Abscess. An abscess of this origin may develop 
in the lung in the course of staj)hylocoecal pneumonia or as a lat(i 
complication of infiuenzal pneumonia. It may be associated with 
similar infection elsewhere, e.g., in joints. A staphylococcal abscess 
frequently involves the pleura secondarily. The disease though often 
fatal is sometimes survived. 

(4) Following Aspiration of Foreign Bodies. Foreign bodic's aspirated 
into the bronchi may after a variable interval lead to suppuration, 
especially bodies such as peas, nuts, etc., which undergo expansion and 
harbour infective material. Relatively sterile objects such as fragments 
of metal or beads may remain in a bronchus for months or even years 
without causing more than slight disturbance. 

On account of the greater width of the right bronchus, an aspiration 
abscess is commoner in the right lung, and is most frequent in the lower 
lobe because of the more vertical direction of the byperarterial bronchus. 
When a foreign body becomes impacted in a bronchus the mucous 
membrane surrounding it becomes swollen, so that obstruction of the 
bronchus may become complete. The lung beyond it becomes atelectatic. 
Secretion of mucus from the bronchus is increased at the site of impac¬ 
tion, and ulceration and infection generally occur. The infection 
spreads through the bronchi into the lung parenchyma, and may give 
rise to single or multiple abscesses. The abscess is generally multi- 
locular and has the combined features of bronchiectasis and a chronic 
lung abscess. 

(3) Pyaemic. In inf^ted surgical wounds, septic thrombophlebitis, 
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acute osteomyelitis, etc., infected emboli may be car*|^ by f»e veins 
to the lung^, 'where they give rise to septic infarcts and abso^es. The 
abscesses are u^ally small and multiple and situated at the-periphery 
of the lungs. The disease is generally fatal. 

(6) Associated with Tumours, etc. The ulcerated surface of a 
carcinoma is very liable to infection. Suppuration, aggravated by 
necrosis of the ttunour, may result in a large abscess. At least 25% of 
pulmonary cancers are finally complicated by suppuration. 

Less common causes of a lung abscess are (a) lodgment of missiles 
or of infective material conveyed by them, (6) extension of a subphrenic 
abscess, and {e) supcradded infection of a congenital or hydatid cyst in 
the lung. 

Morbid Anatomy and Course of the Disease. Abscesses of the lung 
may be single or multiple, and one or both lungs may be affected. The 
pathological features are conditioned by the underlying cause. 

The abscess is usually single and of large size, and is usually situated 
at the periphery of the affected lobe. At first the affected portion of 
lung is consolidated, cedematous and necrotic. Suppuration and abscess 
formation follow or actual gangrene may occur. The abscess, which is 
not at first definitely circumscribed, is surrounded by congested and 
intensely inflamed lung tissue. It is usually more or less spherical, 
and there may be smaller abscesses communicating with it. After a 
variable time the abscess usually burrows into one or more bronchi 
or if it is near the surface of the lung it may rupture into the pleural 
cavity. When it ruptures into a bronchus a large quantity of thin pus 
is expectorated, and this may be repeated at intervals for a long time. 
The pus is of light green or yellow colom, occasionally altered by blood, 
and is usually very foetid. 

The interior of a lung abscess varies in appearance according to 
its duration and the extent to which necrosis has occurred. In an acute 
lung abscess the walls are soft and flexible, and are covered with shreds 
of sloughing tissue. One or more bronchi communicate with it and 
serve as channels for drainage. Later the wall of the abscess may assume 
a dull granular appearance or become smooth and fibrous. 

The cavity of an acute lung abscess may become obliterated by 
expansion of the lung around it and by fibrosis, and may be completely 
healed. Healing may be defective if drainage of the abscess into the 
bronchi is insufficient. When drainage of an abscess is inadequate its 
wall tends to become rigid from fibrosis, and the abscess becomes 
chronic, and later epithelium may regenerate within its walls. In 
addition, a variable degree of bronchiectasis develops as a result of 
infection and disorganization of bronchial walls and traction of scar 
tissue. 

Pathological Sequelae of a Lung Abscess. One of the commonest 
sequelae of a pulmonany abscess is cerebral abseest (most often in the 
left hemisphere), due to an embolus formed by the dislodgment of a 
thrombus from one of the pulmonary veins. This catastrophe can occur 
during either the acute or the chronic stage of the abscess, and occa¬ 
sionally follows operative interference. Hcemorrlu^ may result from 
ulceration into one of the pulmonary vessels in t^ iupdl of the lung 
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abscess aiid'be fatal. Amyloid disease is a sequel of long-standing lung 
abscess. ■ -. 


PULMONARY TUBERCULOSIS FROM A SURGICAL 

STANDPOINT 

During recent years surgical measures have been extended to the 
treatment of tuberculosis of the lungs. In the lungs as in other structures 
the seat of tuberculous infection, healing is favoured if sustained physio¬ 
logical rest can be procured ; and for that purpose (in selected cases) 
there are now available a variety of methods known collectively as 
“ collapse therapy.” The specific effect of all forms of (;ollapse therapy 
is the reduction of lung volume regionally or generally, with resulting 
f diminution of tension (atmospheric and general) so that reparative 
processes may not be inhibited or, if already present, can proceed 
unhampered. The choice of method is conditional upon the particular 
pathological features present in the diseased lung and pleura, aTid 
especially upon whether or not the lung is adherent to the parietes. 
Many of the operations, such as intrapleural division of adhesions and 
apicolysis, are employed for the obliteration of persisting cavities which 
may be a source of htemorrhage or reinfection of the lung. 

Only a limited proportion of cases is suitable for surgical treatment, 
because the methods are applicable chiefly to those in which the disease 
is confined to one lung. 

There are two main types of pulmonary tuberculosis : (1) chronic 
fibro-cavernous or “ productive,” and (2) relatively acute pneumonic, 
caseous, or “ exudative.” It is with the less acute and chronic types 
that surgery is especially concerned. 

In the chronic fibroid type there is a definite tendency towards 
fibrous encapsulation of the tuberculoiis lesions. The disease is often 
limited to the subapical region of the upper lobe and to the upper part 
of the lower lobe. Cavities communicating with bronchi are often 
present, and both cavities and other lesions are surrounded by dense 
zones of fibrous tissue. This fibrous induration leads to shrinkage of 
the lung, and, as a result, to retraction of the chest wall and deflection 
of the mediastinal septum towards the diseased side {see Fig. 144). 
In some cases the shrinkage is sufficient to obliterate the cavities and 
to permit healing of the disease, but more often the shrinkage is inter¬ 
fered with by the fixity of the chest wall, and when the limits of fibrous 
tissue encapsulation and contraction are reached the healing processes 
cease. It is then that operations designed to paralyse the diaphragm, 
or to mobilize the rigid chest waU, may be carried out, in order to relax 
the scar tissue and permit it to shrink tightly round the tubercles and 
cavities. 

In the acute type of disease, which is commonest in young adults, 
there is at first little fibrosis. The disease tends to advance widely in 
the lung and to culminate in caseation and cavity formation. It is in 
this type that immobilization of the lung by artificial pneumothorax 
is calculated to produce local conditions favourable for resolution and 
fibrosis. 
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Therapeutic collapse of the lung not only gives rest and immobility 
to the diseased lung, but also, in combination with the ensuing shrinkage, 
empties the lung of its accumulated products, the evidence of which is 
the immediate increase of sputum followed by diminution in the 
amount. Cavities whose walls are not very stiff may be reduced to 
mere clefts, and their ulcerated walls may heal. The toxic products 
have not the same chance of dissemination owing to the lymph stasis 
that follows the pulmonary collapse; the benefit of this is shown by 



Fio. 144. Radiogram of chronic fibroid phttiisis of the right lung, in a 
female aged twenty-four years. The trachea and the heart are 
deflected towards the diseased side. 


the improvement in the general condition of the patient. The lymph 
stasis also prevents the further dissemination of bacilli. 

Pleuro^pulmonary Adhesions. When artificial pneumothorax has 
been instituted adhesions of varying number and degree between the 
lung and the parietal pleura may become obvious. The adhesion is 
the result of former pleurisy: it may extend over a broad surface 
(symphysis) or be quite circumscribed though at multiple points, 
especially over the upper lobe of the lung. When the pneumothorax 
has be«i present for some time they may become attenuated; it is 
in such eirciunstances that division of fihe adhesions intrapleurally is 
attempted. It is important to appreciate that thef stouter and more 
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sessile adhesions often contain lung tissue or even prolongations of 
underlying cavities which are liable to injury. Likewise adhesions of 
long standing may contain tissues drawn inwards from the extrapleural 
layers : these tissues are often vascular and when di^'idcd may be 
responsible for htemorrhage*. 

CONGENITAL CYSTIC DISEASE OF THE LUNG 

This condition has attracted increasing interest during recent years, 
no doubt on account of its frequent discovery on radiographic examina¬ 
tion of the lungs. The disease assumes two main forms : (1) a solitary 
or multiple large cysts, containing fluid or air; and (2) diffuse cystic 
disease. 

The first variety has usually been met with in childhood. The cyst 
• may attain an enormous size and fill the entire pleural sac of one side 
(the so-called balloon cyst). Such a cyst is at first probably of small 
size and may contain fluid whose escape into a bronchus allows a 
gradual air distension of its walls so that finally the healthy lung tissue 
is condensed around it. In the same way multiple cysts may evacuate 
their contents and become inflated with air, and either form multiple 
air-containing cysts or, if the dividing walls rupture, a single trabecu- 
lated cyst. The lining membrane is usually columnar or cubical 
epithelium, and the walls contain unstrij)cd muscle, elastic and fibrous 
tissue and sometimes cartilage. The api)earances may be profoundly 
altered by infection. 

A large cyst when uncomplicated may cause only slight symptoms, 
such as cyanosis and dyspnoea. But if the air-pressure within the cyst 
becomes excessive (due to a valvular communication with a bronchiis), 
severe respiratory distress or fatal .asphyxia may result. In a number 
of instances rupture of the cyst into the pleural cavity occurs. 

Diffuse cystic disease is more common. It may involve a part or 
the entire lung, and is often bilateral. The cysts may be mere clefts, 
but are more often rounded, and vary in size from a pea to larger than a 
golf ball. Many of the cysts communicate with the finer bronchi. The 
bronchi are not dilated. In an X-ray film the appearance is very 
characteristic and merits the title of “ honey-comb ” or “ soap-bubble ” 
lung. Superadded infection is common, and creates features comparable 
clinically to bronchiectasis. 

The developmental nature of cystic disease of the lung is suggested 
by its occurrence in infancy and by the epithelial character of the lining 
membrane of the cysts. It is assumed that in most cases the cysts 
are developed as diverticula from the smaller bronchi or from the 
atrial sacs. 

Attempts have been made to establish a relationship between cystic 
disease and bronchiectasis, but the pathological evidence suggests they 
are independent entities, although the condition of bronchiolectasis 
found in infancy may represent a developmental abnormality allied to 
cystic disease. 

TUMOURS OF THE LUNG 

Simple tumours of the lung are very rare. Myoma, fibroma, 
chondroma aind angioma have been described. They are usually 
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discovered accidentally and seldom produce pathological effects. 

A simj»le adenoma commonly occurs in one of the main bronchi 
and may reach a large size. It may be responsible for htemoptysis, 
atelectasis or bronchiectasis with suppuration (see Fig. 145). It affects 
men and women equally, and occurs at an earlier age (twenty-five 
to forty years) than lung cancer. 

A bronchial adenoma is sometimes pedunculated and is then acces¬ 
sible to removal from within 



the bronchus. In other instan ces 
the tumour projects into the 
bronchus and its deeper part 
expands into the adjacent lung, 
the resulting tumour assuming 
an hour-glass form. 

Microscopically bronchial 
adenomata show considerable 
individual variation in structure. 
Some show a glandular pattern 
with tubtdes and acini. In 
others there is less differentia¬ 
tion and the cells are in solid 
acini or irregular masses. The 
cells arc, however, uniform in 
size and are cuboidal with a 
large nucleus and scanty 
cytoplasm. 

A bronchial adenoma 
originates from the secretory 
ducts of the bronchial mucous 
glands. Its histological varia¬ 
tions are very similar in form 
and nature to those present in 
salivary gland tumours and the 
two types of tunioui' are held to 
be akin in origin and behaviour. 


Primary Cancer of the Lung 

Pro. 14.5. Adenoma of the bronchus. 

The growtli has obstructed the lower Statistics based on post- 

*" “ mortem records suggest that the 

incidence of cancer of the lung 
has increased during the past ten or fifteen years, and that the 
increase is a real one and is independent of improvements in clinical 
and pathological diagnosis. The cause of the increase has not been 
fuUy accounted for. 

Many substances have been suggested as predisposing factors in 
the development of lung cancer, such as silij^, pelrol fumes, from 
road dust* etc., but proof is lacking that th^ are responsible. The only 
known association betw^n exposure to dust and the development 
of bronchial carcinoma is that of the Schneeb^g inijifirs, a.nd in 
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them the radioactive properties 
• of the dust are now held respon¬ 
sible. By some, chronic bacterial 
infections are regarded as a 
potential predisposing cause, 
probably as a result of the epithelial 
metaplasia to which they may 
give rise in the bronchi. Active 
tuberculosis and carcinoma may 
coexist in the Ixmg, but the 
occurrence is purely accidental. 

Cancer of the lung occurs most 
often between the ages of forty and 
•sixty yeai-s, and is much more 
common in men than women (4:1). 

Morbid Anatomy and Histology. 
In the majority of cases cancer in 
the lung begins in the mucous 
membrane of the main or 
secondary bronchi and only seldom 
more peripherally. The new 
growth may start in the cylindrical 
epithelium of the bronchial 
mucosa or in the basal epithelium. 
The histological appearances arc 
very diverse, and variations within 
individual tumours are not un¬ 
common. The following are the 



h'i(i. 1 m. I.ipiodol-radiof^mm of early 
bronchial carcinoma. The left lung 
licld is opaque and lipiodol hils the 
left bronchus above the level of the 
obstnM'tion. The right lower bron¬ 
chial tree is outlined normally. 
I.ipiodol in the oesophagus is seen in 
the lower portion of the picture. 

{liy courtety of 1 >t Seott Part.) 

common types: (1) 
c o 1 u m n a r - c e 1 1 
carcinoma, (2) “ oat¬ 
cell” carcinoma, 
(8) squaraous-cell 
carcinoma. Tumours 
of the first type are 
composed of columnar 
cells, which are 
differentiated to a 
moderate degree and 
are arranged, for the 
most part, in an 
irregular acinar or 
papillary formation. 
Tumours of the 
second, the com¬ 
monest type — the 
“oat-cell” carcinoma 
—are comjwsed of 
undifferentiated cells 
of small size, 



Fio. 147. Catdnoina of bronchus of “oat-cell ” tsrpe. 

X 150. 
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rounded or of oat-seed shape, with deep-staining nuclei and scanty 
C3rtoplasm. The majority of the cells are an’angcd irregularly, with a 
very scanty fibrous tissue stroma and little tendency towards 

glandular structure. 
,. . . __ Tumours of this type were 



Fig. 118. Bronchial carcinoma of the left lung. 
The patient was a mole aged fifty-four. 
The disease was complicated by suppuration 
in the lung and empyema. 

{Department of Vaihotogp, Vnivereif}/ of Edinburgh.) 


regarded formerly as medi¬ 
astinal sarcomata, but care¬ 
ful examination generally 
affords evidence of an epi¬ 
thelial origin. Tumours of 
the third type are composed 
mainly of irregularly ar¬ 
ranged squamous cells, and 
to some extent they re¬ 
semble squamous-cell car¬ 
cinoma in other situations, 
though cell nests or kerati- 
nization are seldom highly 
developed. 

The commonest starting 
point of a bronchial carci¬ 
noma is at or about the 
point wIktc the main 
bronchus gives off its 
branches. It usually spreads 
both up and down the bron¬ 
chial wall and also round it 
and may finally occlude the 
lumen of the bronchi. When 
examined by bronchoscopy 
or at autopsy the growth is 
often small, greyish white, 
granular and slightly nodu 
lar on the surface. It may 
be pedunculated and may 
occlude the lumen of the 
bronchus. It may spread 
in the submucosa over a 
considerable area without 
ulceration, and it may ex¬ 
tend directly to the trachea 
or even to the opposite 
bronchus. The most im¬ 
portant effect of a bronchial 
carcinoma is production 
of stenosis of the larger 


bronchi, and therefore atelectasis and bronchiectasis are common 


secondary results. 

A bronchial carcinoma tends to infiltrate the pafchPbyma of the 


lung till a lobe or even the entire lung may be ix)nveited into a solid 
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mass of firm texture and yellowish-white colour. Degeneration within 
the tumour, sometimes attended by suppuration, is a common event. 
Sometimes spread by the peribronchial lymph vessels is an outstanding 
feature, and may lead to extensive involvement of the pleura, often 
with a large effusion of clear or sanious fluid due to widespread lymph 
vascular obstruction. The tracheo-bronchial lymph glands and the 
hilum of the, lung are invaded at an early stage, and it sometimes 
happens that the bronchial growth remains very small and lot'alized. 
while the secondary growths are large and giv(i rise to jiressur<‘ on large 
vessels, and on the traeh<“a. Such secondary growths may be mistaken 
for mediastinal sarcoma. Rari'ly the lymph glands at the root of the neek 
may be infiltrated, especially in carcinoma of the upper lobe of the lung. 
Occasionally a small bronchial tumour leads to ateltrtasis so that the 
lung is no larger than a fist and the pleural cavity becomes th(‘ seat of 
a very large effusion. 

In a few instances a carcinoma begins in a fine or tertiary bronchus 
and tends to grow peripherally rather than towards the hilum. This 
type often assumes and maintains a spherical form in the substance of 
the lung. It is of slow growth and metastasizes at a late stage or not 
at all. 

The pathological effects of a bronchial carcinoma may be very few, 
but in about 25% secondary bronchiectasis occurs. Ulceration of 
the surface of the growth leads to excessive mucoid or sanious discharge, 
and sometimes tumour cells can be detected in the sputum. 

Apart from the neighbouring lymph glands the liver (30%) is the 
commonest site of secondary growths. Metastases are common also 
in the kidneys (15-9%), the suprarenal glands (9‘7%), and the brain 
(9-5%). They liave been observed also in bones (10%), especially 
in the ver-tebrae and long bones. A cerebral metastasis may give rise 
to confusion in diagnosis and errors in treatment if the primary growth 
is symptomless. 

In the majority of cases the onset of signs or symptoms is very 
insidious, and the tumour is often far advanced before they develop. 
The following are the common ways in which the disease may manifest 
itself: (1) by haemoptysis and cough, (2) by pleurisy, with or without 
effusion, (3) by pulmonary suppuration, (4) by increasing debility, 
dyspnoea, and emaciation. 


DISEASES OF THE MEDIASTINUM 
Acute Septic Mediastinitis 

The areolar tissue of the mediastinal septum is of loose texture, and 
consequently any infective process tends to spread widely in it, and, as 
it is richly supplied with lymph vessels, toxic absorption generally has 
serious results. 

Acute mediastinitis most often takes the form of difluse cellulitis, 
and the an terior mediastinum is most commonly affected. The cellulitis 
may on occasions result in the formation of an abscess, but more often 
its effects are lethal before suppuration begins. 
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Mediastinitis may arise (1) as a complicAtion of cellulitis of the neck, 
e.g.f Ludwig’s angina, (2) following operations on the larynx, pharynx, 
trachea or (esophagus, (3) as a result of perforation of the pharynx or 
cesophagus by a foreign body, (4) from leakage of infection from an 
ulcerating carcinoma of the phalanx or oesophagus, and (5) rarely, 
secondary to osteomyelitis of a thoracic vertebra. 

In mediastinitis, the tissues are very swollen, oedematous and con¬ 
gested. Areas of necrotic fat, often of a greenish colour, are present, 
and there may be small abscesses scattered through the inflamed 
tissues. When perforation of a hollow viscus has been responsible for 
the infection, gas may infiltrate the inflamed tissues, which are then 
extremely malodorous. The lymph glands are enlarged and sometimes 
softened, and the fibrous pericardium may share in the inflammation. 

When an abscess forms in the anterior mediastinum it may extend 
upwards and produce oedema and redness of the skin at the root 
of the neck, and it may point in the suprasternal notch or accompany 
the subclavian vessels into the posterior triangle, or burrow through 
an intercostal space at the margin of the sternum. An abscess in 
the superior and posterior mediastina may rupture into the trachea, 
oesophagus or pleural cavity. 

Emphysema of the mediastinum is a rare scejuel of crushing injuries 
of the thorax. The air may escape from the trachea, the bronchi or the 
lungs. At each inspiration more and more air is forced into the media¬ 
stinum, and it may finally compress the large veins, especially those at 
the lung root. 


Cysts of the Mediastinum 

Cysts of the mediastinum are comparatively rare, but they are of 
interest in respect that they are amenable to surgical treatment. 

The commonest aie dermoid cysts and teratomatous cysts: generic- 
ally they are alike. They may arise in the posterior mediastinum, but 
usually they begin in the superior mediastinum behind the manubrium 
(retrosternal). Commonly, as the cyst grows, it bulges towards the 
pleural cavity on one or both sides (mediastino-thoracic), or it may 
reach the root of the neck (mediastino-cervical). The origin of the cyst 
is probably not the same in all cases. It is believed (though not proved) 
that a mediastinal dermoid arises from the downward displacement of 
remnants of the 3rd and 4th branchial arches. Less often it may 
arise from inclusion of the epidermis, for defects of the sternum may 
coexist. 

In structure a mediastinal dermoid does not differ from those else¬ 
where. It may be entirely cystic or in parts solid. Sebaceous material, 
fat, hair, and teeth are common constituents of the tumour. 

Dermoid and teratomatous cysts vary in size from a golf ball to a 
fcetal head. Their growth is slow, and since the cyst extends laterally 
it acquires a covering of mediastinal pleura, and it may insinuate itself 
between the lobes of a lung and thus simulate an intrapulmonary 
tumour. 

Mediastinal cysts are very liable to infection, especially after 
pneumonia or influenza or one of tl^! ^symotic diseases: Suppuration 
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within the cyst causes a ragrid increase in its size, and the cyst may 
perforate the traclica or bnmclii, with the result that sebaceous material 
or hairs are expectorated. Kiupyenia nmy occur or the pus may j)enc- 
trate the chest wall or ascend to tJic neck. Inflainniation in the cyst 
renders it very adherent to the lung, pleura and large vessels, and adds 
to the difficulty of its removal. Malignant degeneration of a teratoma 
and dermoid is well known. 

A much rarer cyst of the mediastinum is one known as a bi'oneho- 
genic or tracheo-bronehial cyst. It is usually in eonta<‘t with the 
trachea or main bronchi and may reach considerable size. ’Fhe cyst 
wall differs from that of a dermoid in that it is very thin ami lacks 
hair-forming epithelium and sebaceous glands. The epilhelium is of a 



Fig. 149. Traclieo-bronchial cyst. The c*yst is liued by ciliated epithelium. 

Its walls c'^iitaiu areas of cartilage. 

cylindrical type, and may be ciliated Numerous glands and bundles 
of plain muscle fibres or cartilage may lie deep to the eiiithelium. 

Such a cyst is of vestigial origin, from extrusions of the developing 
traeliea or bronchi. 

Primary Tumours of the Mediastinum 

Malignant tumours of the mediastinum include thymoma (]). 360), 
lymphosarcoma and neuroblastoma. 

Simple tumours include lipoma, fibroma, chondroma, and ganglio¬ 
neuroma. 

Rarely a mediastinal tumour extends through an intervertebral 
foramen into the spinal canal, assuming an hour-glass shape; similarly 
a tumour arising within the spinal canal may extend into the medias¬ 
tinum. Haemorrhage or degeneration within the spinal portion may 
result m paraplegia. 

a. PATH. 12 
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Fiu. Gangliom'uruina of the mediastinum. The tumour has been 

split : note the area of hasmorrhaKe and multiple foci of ealcificittion. 



Fio. 151. Radiognun of a ganglioneuroma of the nMnHfurfinnm which 
eactended into the ri(^t side of the chest. The tomour oocained in a 
female nine years cf age, and hadpOa^Med dysnnceai tuemoptysis, and 
paroxysnud coughing A motnhw^ the back corresponded to a 
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Lastly there is the rare “ Superior sulcus tumour.” tJnder this 
title is described a localized tumour which arises extrapleurally at 
the thoracic inlet in front of the first and second ribs and the trans¬ 
verse processes of the respective vertebrse. The tumour is usually 
sharply defined and spherical, and when first observed is seldom larger 
than a golf ball. From its proximity to important nerve trunks it gives 
rise at an early stage to pressure on the cervico-dorsal sympathetic and 
the lower trunk of the brachial plexus; and a Homer’s syndrome, 
severe brachial neuritis and paralysis of the muscles of the hand are the 
common effects. Superficial erosion of the ribs and vertebra is often 
present. 

The tumour is hard and fixed and of grey or yellow colour. Micro¬ 
scopically, it is a squamous cell carcinoma, probably of branchiogenetic 
' origin. 

Pathological Effects of Mediastinal Tumours. The effects of a 
mediastinal tumour are mainly due to pressure on neighbouring 
stmetures, although in the case of cystic tumours infection may lead 
to additional features. It is unusual for any disturbance to be noticeable 
before the age of puberty, and symptoms are sometimes deferred until 
the third or fourth decade. Pressure on the trachea is one of the most 
important effects. It tends to appear after some respiratory infection, 
and results in cough and often in dyspnoea or in stridor. In a few cases 
haemoptysis occurs. 

Pressure on the large venous trunks at the thoracic inlet may lead 
to dilatation of the superficial veins of the thorax or in the neck. 
Cyanosis may be present at a later stage. Pressure on the intercostal 
nerves may lead to pain or hyjieraesthesia, and there may be pupillary 
changes from pressure on the sympathetic nerves. When large, the 
tumour may cause localized bulging of the chest wall cither in front 
or behind. 


Intrathoracic Ck>itre 

Any large goitre may have a prolongation of its inferior extremity 
behind the sternum into the superior mediastinum. Such extension is 
favoured by gravity and the suction of inspiration. The resistance 
offered above and in front by the infrahyoid muscles makes this line of 
descent the path of least resistance. 

In a true intrathoracic goitre, however, there is no obvious swelling 
of the thyroid gland in the neck, and the thyroid enlargement is entirely 
within the thoracic cavity. 

An intrathoracic goitre is due most often to a colloid adenoma 
attached to the inferior extremity of the gland, especially on the left 
side. Rarely the condition is bilateral. The adenoma may be soft or 
hard, but frequently it is partly or wholly cystic, and calcification 
sometimes occurs in the wall of the cyst. The tumour retains its 
investment of pretracheal fascia, and its arterial supply resembles that 
of a cervical goitre and comes from the neck. In many cases the 
intrathoracic goitre is connected with the parent gland by an isthmus of 
thyroid tissue, but in old-standing cases the connexion may be fibrous. 

As the goitre is enclosed in the pr^xacheal fsBcia it moves with the 
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rest of the thyroid gland on deglutition, and movement, when 
observed radiographically, is of great assistance in diagnosis. In 
the superior mediastinum an intrathoracic goitre rests on the parietal 
pleurae of one or both sides, which form a bed for it. The innominate 
veins arc situated deep to the tumour and may be displaced and 
compressed by it. Toxic hyperthyroidism in association with an intra¬ 
thoracic goitre is extremely rare. 

The Effects of an Intrathoracic Goitre. (1) On the Trachea. 

One of the most important effects produced by an intrathoracic 
goitre is compression and deviation of the trachea. The trachea be¬ 
comes stretched over the anterior or lateral surface of the tumour, 
and as a result its lumen is often reduced to a very narrow channel. 
The tracheal displacement may be confirmed by inspe(*ting or palpating 
the neck, and the larynx may participate in the deviation. A radio¬ 
gram demonstrates the displacement and deformity. Cough, stridor, 
arid dyspnma, which fire common features of an intratlu)racic goitre, arc 
explained by the imjilication of the trachea. 



(2) On the Large 
Vessels of the Thoracic 
Inlet. Obstruction to the 
venous return from the 
nock and upper limbs 
is manifest by engorge¬ 
ment of the superficial 
vessels of the neck and 
front of the thorax. It 
is responsible for pro¬ 
fuse bleeding when 
operation is undertaken. 
Sometimes the face and 
lips and the upper limbs 
show a trace of cyanosis. 
(Edema of the upper 
limbs has been observed. 
The large arteries are 
seldom compressed. 

(8) On fte Recurrent 
Laryngeal Nerve. 
Occasionally one of the 
recurrent laryngeal 
nerves, especially the 
left, may show some 
degree of paralysis. 

(4) On the (Esophagus. 
It is very exceptional for 
the oesophagus to be 
compressed, and there¬ 
fore. dysphagia is a rare 
symptom. 

‘ From the surgical 
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poi{it of view an intrathoracic goitre presents difliculties which are not 
present in the treatment of a nonnally placed goitre. Tht‘ engorgement 
of even the smallest supcrhcial vessels is responsible for excessive bleed¬ 
ing. The proximity of the goitre to the large vein.s of the thoracic inlet 
may be responsible for serious bleeding, but this can be [irevented if care 
is taken in operating to keep within the fascial capsule of the gland ; 
likewise, if th^ enucleation of the goitre be conducted in this plane there 
is less risk of opening the pleura. Delivery of the goitre is facilitated by 
traction on the affected lobe or its connecting pedicle ; but when it is 
very bulky it may be impossible to release it from the mediastinum 
unless it be diminished in size by excavation of'its contents if that has 
not already occurred accidentally. Division of the sternum, to increase 
the diameter of the thoracic inlet, should scldonk be necessary'. 


Diseases of the Thymus Gland 

The thymus is of entodermal origin and develops as a paired tubular 
outgrowth from the third and fourth branchial clefts. I'lie outgrowths 
lose their connexion with the clefts and fuse in the middle line, and 
the tubular structure later becomes folded on itself to form a solid 
bilobed organ. While the thymus is still connected to the primitive 
pharynx, outgrowths,which appear as aggregations of lymphoid tissue, 
arise at intervals on the superficial aspect of the tubules, and ultimately 
form the cortex of the thymic lobules. The origin of the lymphocytes 
is uncertain, but it is probable that they arise from the entodermal cells 
of the primitive tubules. 

Apart from certain pathological condition's the thymus is found in 
its full development only in the foetus and in childhood. In adolescence 
the thymus undergoes retrogressive changes, and in adult life very 
little glandular tissue remains, as most of the epithelial elements are 
replaced by adipose tissue. 

The fully developed thymus is composed of a mass of lobules sepa¬ 
rated from one another by strands of fibrous tissue which contain the 
blood vessels. Each lobule consists of a cortex and a medulla, the cells 
of which are quite different. The cortical {)ortion resembles lymphoid 
tissue, but it contains no germ centres. Amongst these lymphoid cells, 
which are known as thymocytes, numerous indications of mitosis may 
be noted, and, in addition, there are a few large granular cells whose 
nature is not known. The medulla is of less compact structure, and is 
composed of a reticulum of large, translucent branched cells which 
are massed together in places. Most characteristic of the medulla are 
the concentric corpuscles (of Hassall), which consist of flattened 
epithelial cells arranged concentrically around one or more cells tliat 
have undergone hyaline degeneration, an arrangement which may lend 
an appearance of acinus formation. 

Lymph vessels have not been demonstrated inside the lobules of 
the thymus, but lymph channels containing lymphocytes can be seen 
in the interstitial fibrous tissue of the gland. Williamson and Pearce 
at one time suggested that the thyroid and the thvmus are closely 
related, both morphologically and functionally, and that the two organs 
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arc connected by lymph channels, whereby part of the secretion of the 
thyroid gland is conveyed to the thymus. .j j 

Aberrant thymic tissue has been found within the thyroid and 
parathyroid glands and also in the arc'olar tissue of the neck. Para¬ 
thyroid tissue also has been identified in the thymus, an association 
which, on a developmental basis, is understandable. 


Enlargement of the Thymus 


In early childliood the thymus may grow to abnormal size and lead 
to pressure on the trachea which may produce or terminate in stridor or 

asphyxia. In such cases it 



is evident that the thymus 
shares in a generalized hyper¬ 
plasia of the lymph glands of 
the neck or of the mediastinum 
and also the palatine, 
pharyngeal, and lingual tonsils. 
To this generalized overgrowth 
of the lymphoid tissues of the 
body the name status thymo- 
lymphaticus has been assigned. 

In some pathological con¬ 
ditions in adult life the thymus 
may undergo hyperplasia and 
resume its infantile appear¬ 
ances. This is most commonly 
found in toxic goitre, but its 
significance is not understood; 
the thymic enlargement is not 
invariably present nor is it ever 
excessive, and the appearance 
of the gland is not very 
different ftom that of the 
normal organ of childhood. 
Williamson and Pearce 
emphasized the association of 


Fid. l.>3. All encapsuled curchioma of the 
Uiyinus gland ftoni a man aged fifty-nine 

K irs. The tumour liad caused dyspha^a. 

ath was due to purulent bronclutis. 
There were no metastases. 

(Photograph lent bg Dr. Stvort McDonald.) 


thymic hyperplasia and toxic 
goitre and regard it inter 
alia as evidence of the 
functional unity of the thyroid 
and thymus. They believed 
that the thymus had a detoxi¬ 


cating action on a supposed lymph-bOTne secretion from the thyroid. 
In the belief that the thymus is closely associated with thyrotoxicosis, 
surgeons have removed the gland in the treatment of that dis^e, and, 
in some cases, with apparent benefit. 


The thymm is said to be enlarged in about 50% of cases of myas¬ 
thenia. The enlargement is usually due to epithelial hyperplasia, but it 


may be the result of a cyst, a sim|de or a malignant tumour. There is 
no characteristic histological feature df l|Keof the gland 
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found in myasthenia, although a notable reduction in the number of 
Hassall’s coi^Scles has been described. 

The relationship between the functional defect in myasthenia gravis 
and thymic hyperplasia has not been explained. Tt has been suggested 
that the thymus releases an inhibitor substance into the circulation 
which reduces muscle activity. Removal of the thymus has brought 
about striking relief in some instances. 

The thymus may be enlarged in rickets, Addison’s disease, and 
leukaemia. 


Cysts of tibe Thymus 

Cysts of the thymus are rare. They may arise as a result of 
persistence of its embryonic epithelial ducts. Most often the cystic 
•change is of a lymphangiomatous character and may lead to very great 
enlargement. 

Cyst formation may occur in outlying islets of thymic tissue in the 
neck, and cysts of tlie thyroid gland, eontaining lymphocytes and 
Hassall’s corpuscles in its walls, have been recorded. It lias been 
suggested that tlic cystic hygroma of the neck may originate in aberrant 
thymic tissue. 


Tumours of the Thymus 

There are two chief types of thymic tumour : (1) lymphosarcoma, or 
malignant thymoma, and (2) thymic carcinoma. Thymic sarcoma. 



Fio. 154. Photomictograph of thymic tumour depicted in Fig. 158, 
shoving reticulum cells and lymphoc 3 dc 8 . 


usually of a spindle-celled type, has been described, but thrare are 
strong grounds for concluding that all the co-called spindle-cell tumours 
are histolo^cal v^riaHons of thymoma. 
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(1) The malignant thymoma is the commoner. It is usually a fiira, 
lobulated tumour, which on section presents a yellow colour, often with 
areas of necrosis or heemorrhage. The tumour is sometimes encapsuled,,'- 
but as a rule it infiltrates the pleura, lung, pericardium, trachea or great 
vessels. It occupies the anterior mediastinum and may extend into the 
neck, or it may bulge or perforate the stenium. Secondary deposits 
may be found in the cervical, axillary or bronchial glands, and in the 
liver, spleen, pancreas and the bones. The tumour grows rapidly and 
compresses or invades the trachea. Eosinophilia is often a prominent 
feature. 

Histologically, these timiours do not conform to a standard pattern. 
Some specimens may have an appearance like lymphadenoma, and in 



Kiu. Maliguuiii thymoma, showing malignant lymphocytic tissue 

and a concentric laminated body. 

(Laboratory oj Royal College of Phya^ians of KdttUmrgh.) 


them reticular cells predominate. Others have the appearance of a 
lymphosarcoma, from which they can be distinguished only with 
difficulty. The tumours are usually very radio-sensitive. 

(2) Thymic Carcinoma. This is a less common tumour and exerts 
the same effects. It has been noted that its infiltrative powers are less 
obvious than is usual with carcinomatous growths in other regions. 
Microscopic examination of a typical example shows coherent sheets, 
cords, and columns of large, flat, or polyhedral epithelial eells lying in 
dense fibrous tissue. Comification is absent, but concentric layers of 
flat cells may fonn structures resembling concentric corpuscles. In 
other cases the squamous characters are less evident, and the cells are 
chiefly cubical and form alveoli. In many cases both epithelium and 
round cells share in the tumow, which acco”"*" 
carcino-sarcoma or adeno-sarcoxnai 
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Carcinoma of tlic tliynms has been observed in association with 
eases of over-aetivity of tlic suprarenal gland. 
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CHAPTER XVII 

DISEASES OF THE BREAST 
STRUCTURE OF THE BREAST 

The epithelium of the breast, the lining membrane of its ducts and 
acini, is derived from the epidermis on the ventral aspect of the foetus, 
and the breast may be regarded as a collection of greatly modified 
sweat glands. The first indication of the developing breast is to be found 
in the second month of intra-uterine life. At this period the ducts, 
twelve to twenty in number, appear on the deep aspect of the epidermis 
and extend as solid cords into the superficial fascia, from which they 
derive a supporting framework. The ducts become canalized, branch 
repeatedly and form abundant lobules, which extend into the surround¬ 
ing fibrous tissue. From their blind extremities the acini develop. 
The acini are scanty and ill-developed until puberty, after which they 
show a remarkable faculty for periodic proliferation and retrogression. 

The fully developed l)rcast consists of a number of lobules, each 
somewhat pyramidal in shape and supported by a framework of tough 
fibrous tissue. On the superficial aspect, this framework is attached to 
the deep surface of the skin by the suspensory ligaments (ligaments of 
Cooper). 

The ducts, deep to their orifices, expand just below the nipple 
to form ampullae, which serve as reservoirs for milk. At the nipple 
the ducts are lined by squamous epithelium continuous with the 
skin, and as they arc narrow they are liable to be occluded, either 
by periductal fibrosis or by epithelial dibris in the lumen. Below the 
nipple the ducts are lined by a double layer of colunmar or cubical 
epithelium, supported by connective tissue, in which both elastic tissue 
and plain muscle fibres may be recognized. As the terminal ducts are 
approached the elastic tissue and muscle fibres gradually diminish in 
number, and the acini, which in the virgin breast are scanty and small, 
are lined merely with epithelial cells and a basement membrane. Ducts 
and acini lie embedded in an abundance of areolar tissue, which is in 
turn bounded by the tougher supporting framework of the gland. 
The delicate tissue immediately surrounding the acini fulfils an im¬ 
portant rdfe, for during pregnancy and lactation it provides a ready 
“ accommodation space ” for the immense proliferation of secretory 
cells then required. 

Miysiolo^cal Changes in the Breast. In infancy and childhood the 
breast remains undeveloped, and consists principally of the larger ducts 
embedded in fibrous tissue. Acini are scanty, and those present are of 
small size. In the male this state persists throughout life, but in the 
female the gland undeigoes remarkable changes in preparation for its 
functional activity during the reproductive period.' 

The first of these change usually logins at pqbierty. At this time 
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the breasts increiise in size sliglitly, the ducts branch and rebranch, and 
from tlieir extremities alveoli of secretory cells bml out. Occasionally 
this physiological hyperplasia may be exaggerated, and may temporarily 
be marked by distinct enlargement and tenderness of the breast, or even 
by the secretion of milky lluid —“pul>eral mastitis.” A similar transient 
phase of activity may occur in the new-born—“ mastitis neonatorum.” 

Puberty .past, the breast enters upon its virginal phase, which 
continues until interrupted by pregnancy and lactation or until the 
advent of the menopause. The virgin breast is generally in the slate 
described above, and its acini are scanty and small. According to 
Rosenberg, however, the gland is not entirely inactive, but is subject to 
recurring phases of proliferation and retrogression at the menstrual 
periods. Coincident with ovulation and the formation of the corpus 
' luteum the epithelium lining the terminal ducts proliferates, and the 
acini become increased both in size and in number. Failing impregna¬ 
tion, and when the stimulus associated with the menstrual period ceases, 
the newly formed acini shrink and disappear, and the breast returns to 
its normal intermenstrual condition. 

In pregnancy and lactation the breast attains its zenith of physio¬ 
logical activity. Towards the latter part of pregnancy the cells lining 
the acini proliferate, and innumerable new acini bud out, pushing 
aside the lax peri-acinar areolar tissue and occupying every available 
space, even lilling and enlarging the nipple. The secreting cells become 
columnar in shape, and almost fill the acini, and the whole picture is 
thus one of immense physiological activity. 

Involution. At the end of lactation, and again more completely at 
the menopause, the breast undergoes a process of involution, whereby it 
becomes reduced in size, often to a thin fibrous remnant which is barely 
palpable even in thin subjects. The microscopic changes are varied, for 
involution is characterized both by atrophy and by a certain amount of 
proliferation. Many of the epithelial cells of the ducts and acini disappear 
entirely, but a feiv remain and may proliferate to form minute cysts or 
solid epithelial buds. The stroma of the breast becomes thickened 
by fibrosis, so that the delicate peri-acinar tissue becomes lost in bands 
of tough scar. The elastic lamina, previously a thin layer principally 
limited to the walls of the ducts, may become increased in amount and 
may spread around the acini. Often there is a lymphocytic infiltration 
of the stroma. 

The involution process is one of peculiar interest in relation to many 
diseases of the breast. Involution changes are so common in a breast 
after the menopause that they are often regarded as normal, but it 
should be recognized that they are not merely the changes of senescence 
and decay. The involuting breast is the site of proliferative activity 
as well as of atrophy, and in some cases the proliferation may approach 
that seen in ” chronic mastitis.” 

MASSIVE HYPERTROPHY OF THE BREAST 

Diffuse enlargement of one or both .bre 9 $ts may roiult from tumours, 
or other cii;^«|uwribedl^i^, or it may occur as a manifestation 
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of general obesity, bufCihe term “massive hypertropJiy’’ refers to an 
entirely distinct condition in wJiicb there is a diffuse overgrowth of one 
or more elements of the mammary gland proper. > 

Massive hypertrophy is a very rare disease, and there are fewer than 
100 autlienf ic teases on recortfi ‘ iSlmost invariably the disease affects 
boUi breasts, though not always equally. In the great majority of cases 
it commences at puberty (puberal hypertrophy), but occasionally it has 
appeared during pregnancy or lactation. 

The breasts gradually increase in size, and in the course of a year or 
two may attain the weight of a kilogram or even more, and hang 
to the level of the thighs. There is no commensurate increase in 
functional activity, and after childbirth there may be no secretion of 
milk. 3’Jie ^in of the breast becomes dusky and congested and some¬ 
times thicken<^, and the superficial veins may be distended. The 
areola is enlarged and deeply pigmented. On palpation the breast is 
soft and sometimes nodular. 

The enlargement is diffuse and affe(!ts principally the fibrous 
stroma of the gland, although there is also some overgrowth of the 
epithelial elements. Naked-eye examination reveals no characteristic 
change; there is nothing but “ i)rodigious bigness.” On micro¬ 
scopic examination there is sometimes a resemblance to the intra- 
canalicular type of fibro-adenoma to which it may be related. 

Massive hypertrophy is usually accompanied by amenorrhoea, and 
in some cases developmental anomalies of the reproductive organs 
coexist. Such features, together with the characteristic period of 
onset and the bilateral nature of the affection, strongly suggest that the 
cause is some pc;rversion of internal secretions, probably of ovarian or 
hypophysial origin. 

The rapidity of the enlargement sometimes leads to a suspicion of 
malignancy, but actually malignant change is rare. A more important 
complicatiotj is infection, which may be of severe type. 


ACUTE MASTITIS AND MAMMARY ABSCESS 

This is an acute bacterial inflammation of the breast. Apart from 
raie cases in which the infection complicates tumours or cysts or other 
existing lesions, it occurs almost always during or shortly after the 
period of lactation. The causative organism is usually staphylococcus 
aureus, less commonly a streptococcus, and the infection is thought to 
reach the breast either from a fissure in the region of the nipple or 
along the milk ducts. In exceptional cases, unrelated to lactation, 
the disease may follow haimatogenous infection, e.g., in typhoid fever. 

The disease takes an acute course, with swelling, engorgement, and 
forward projection of the breast, and with much pain and severe 
constitutional upset. Sometimes resolution occurs aftSf a few days, 
wiih complete restitution of the gland to its normal state, but often 
^suppuration ensues and a mammary abscess results. 

. Suppuration is favoured by the'congestion of the breast and. its 
inilic content* One of the first effects of the infiammation is to obstruct 
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the orifices of the milk ducts, and the retained secretion, which rapidly 
clots, forms a fertile medium for bacterial pjrowth. During lactation 
the breast is at the height of its functional activity, and its lobules 
contein large numbers of highly specialized, easily damaged, secreting 
cells. The lobules are separated and closely walled-in by tough fibrous 
septa. Any inflammatory swelling, therefore, is at lirst confined under 
tension, and much necrosis of the soft parenchymatous elements results. 
When eventually the pus bursts its confines it tracks widely through 
adjacent-lobules, forming an irregular miiltilocular cavity, traversed by 
fibrous bands. 

It is customary to describe three varieties of mammary abscess, 
according to their position in, behind, or in front of the gland. In an 
intra-mammary abscess the infection s})reads from lobule to lobule, 
perhaps involving the greater part of the breast. Suppuration is slow 
to develop, and is .associated with much damage to the secreting tissue. 
If the abscess arises superficially in the breast, or in an outlying glan¬ 
dular lobe in the nipple or under the skin, it rapidly spreads from the 
breast proper to the subcxitaneous tissue—one form of pre-mammary 
abscess —and in this situation it points rapidly, with little damage and 
few constitutional symptoms. Pre-mamm.'iry abscesses may arise also 
from infection of a sebaceous gland, or from superficial cellulitis, and in 
such a ease the breast is not affcc-ted. 

A deeji-seated intra-mammary abscess may spread to the loose 
connective tissues behind the breast— retro-fnammary abscess. Such an 
abscess may have the shape of a collar stud, with a small cavity in the 
deeper part of the breast communicating with a larger one in the retro¬ 
mammary connective tissue plane. Rarely a rctro-mamtnary abscc'ss 
arises from other causes, e.g., secondary to an infected hyematoma or to 
osteomyelitis of a rib. 

CHRONIC MASTITIS (Cystic Mastitis) 

This is a disease of confused nomenclature, complicated morphology 
and baffling pathogenesis, pnd it has been described as the “ root and 
centre of all difficulties in breast [xathology.” It is now clearly 
recognized that the disease has a far greater significance than that of a 
mere inflammation, but its true nature is still a subject of controversy. 
This is reflected also in the diversity of nomcnclalurc adopted by 
different writers, for cystic mastitis, diffuse fibro-adenoma, involution 
disease, and a host of other names have been applied. The term 
“ chronic mastitis ” is unsatisfactory, for it indicates an itiflammatory 
lesion, but it has received general adoption, and for the present it may 
therefore be retained. 

The features of chronic mastitis are many and varied, but tfircc. 
stand pre-eminent, hamely (1) capricious fibrosis of the peri-acmiF’ 
and periductal tissues, (2) cystic dilatation of acini and ducts, and 
(8) widespread proliferative changes in the epithelial lining cells. 

On section, the corpus mamma; is tough and fibrous, at grey or 
greyish-yellow colour and of the consistency of indiarubber. .It differs 
from a scirrhous carcinoma in lacking the stony hardness of that 
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condition and in containing none of the characteristic small yellow spots 
of epithelial ddbris., Cysts are usually, though not invariably, present. 
Most often they are small, only a few millimetres in diameter, and 
scattered through the whole substance of the breast, but occasionally 
there is a solitary cyst, or two or three are present, and they may 
attain considerable size. Rarely the whole breast is occupied by large 
cystic spaces (cystic disease of the breast, Schimmelbusch’s disease, 
R^clus’ disease). The main ducts of the breast are often visibly dilated, 
and filled with creamy fluid or soft yellow debris. The content of the 
cysts may be of similar nature, but it is usually thin and watery, either 
clear or slightly turbid, rarely blood-stained. When the cysts are large 
they project beyond the confines of the actual gland, and form tense 
rounded swellings. Such cysts, distended with clear fluid, have a blue 
colour W'hen exi)oscd by incision of the tissues overlying them, and 
bt^ve been called blue-domed cysts (Bloodgood). Sometimes the cysts 
contain papillomatous growths (Brodie’s tumours), and although these 



Fiu. 156. Chronic mastitis. The breast is fibrous and contains 

numerous cysts. 

{By courtesy of Mr. J. W. StnUhers.) 


are usually small and barely recognizable without the aid of a lens, they 
may occasionally attain considerable size. Thus it is possible to trace 
all intermediate forms between simple chronic mastitis and true benign 
tumours (papillomata and adenomata). 

Microscopic Appearance. The microscopic appearance is very 
varied, both in different breasts and in different parts of the same 
breast. In one region fibrosis predominates, in others cyst formation, 

^nd in yet others epithelial proliferation. 

( f The ^ros is affects principally the delicate peri-acinar and periductal 
connective tissues. The new fibrous tissue is often infiltrated with 
lymphocytes and plasma ^cells; and the elastic lamina, previously a 
tenuous layer related only to the ducts, may become thickened, and 
may Spread to enclose the acini. The ^ystg. vary greatly in size and 
shape. They contain fluid and epitlielial aind often large masses 

rif!^l]s derived from the duct wall. Some of the cysts are lined by cells 
similar to those of normal mammary ducts, others by someWl^t larger, 
pale-staining, eosinophil cells. These pale c^ls ” closely resemble the 
epithelial cells of sweat glands, ip.nd have"1been thought to originate 
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from sweat-gland rests of developmental origin. It seems more probable 
that they are derived from the ordinary cells of the breast, itself u 
modified sweat gland, as a result of degenerative eiianges. According 
to Cheatle, the cysts arise i)rincipally from dilatation of the ducts, and 
in serial sections through 
the whole breast it is 
sometimes possible to 
trace the whole length of 
a duct with its branches 
and related acini as a long, 
tortuous, dilated channel. 

The cause of the cyst 
^ formation is not definitely 
established. By some it 
is attributed to. fibrosis 
and consequent xlistor- 
tion or .obstruction of 
the ducts ; by others, to 
excessive proliferation of 
the lining membrane. It 
seems possible that both 
these factors operate, for 
in some places the lining 
membrane is atrophied 
and flattened as though 
from distention, while in 
other parts it shows evi¬ 
dence of active growth 
and proliferation. 

Epithelial Proliferation in Chronic Mastitis. The epithelial pro¬ 
liferation or hyperplasia is now regarded as the most important siiigle 
feature of the dis.e^e. The proliferation takes man^orms, all of which 
m^’lilc recognizable in a single breast, and there may be a continuous 
gradation, in different parts of the breast or in a single duct, from 
simple overgrowth at one end of the scale to hyperplasia indistinguish¬ 
able from malignancy at the other., 

E. K. Dawson recognizes two rnaipi, types of proliferation, adenosis 
and epitheliosis. ^^denosis (fSaotes a proliferation which, though 
excessive in araou^ still conforms to the physiological pattern, and 
which consists in an increase of glandular tissue somewhat similar to 
that foimd normally in pregnancy. Such adenosis may affect the whole 
breast oi occur in legalized areas. When present in excess it may^TPSSl 
either to a diffuse adenomatosis of the breast or to the formation of 
one or more localized tumours (fibro-adenomaJ^J 
^Epitheliosis denotes an increaspe of jpithelium which does n<rt fpfm 
glwdul^r tissue of physiological pattern, but which fills up and distends 
exirtihg glandular structures (ducts or acini). Such epitheliosis may 
consist in a s iirgile over growth of the epithelial lining cells, or in papi l¬ 
lomatous or m ^sive pjCiolife ration.rf ^ 

In the ^piilomatous type pf f^Iilw?ation, the lining cells multiply 
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Fig. 157. Chronic mastitis. X 100. Tliere are 
several dilated ducts. Below, on tlie ri(;ht side, 
the ducts are distended as though from obstruc¬ 
tion, and their epithelial lining is flattened. 
Above, on the right, a dilated duct contains a 
laciform, papillomatous mass of proliferated 
epithelial cells. The connective tissue between 
the ducts is fibrous and is infiltrated by lympho¬ 
cytes. 

{liayai College of rhyevdam of Edinburgh.) 
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and are projected into the lumen upon delicate cores of connective 
tissue like multiple small papillomata. Small proliferations of this 
type arc common in chronic mastitis, and arc found either in dilated 
ducts or in cysts. Generally, they are found only on microscopic 
examination, but one or more may attain considerable size and present 
all the characters of a simple tumour (duct papilloma or intra-cystic 
papilloma). 

The massive type of epithelial proliferation is the least conunon. 
The ducts are filled by solid masses of hyperchromatic cells which show 
every sign of rapid growth. In some cases the cells individually appear 
malignant, and can be distinguished fnim invasive carcinoma only by 
the fact t hat they are confined to the lumen and do not invade the 
surrounding tissues. Such a condition approximates closely to the 
“ intraduct c;arcinoma ” described by Muir. 

Types of Chronic Mastitis. main forms of chronic mastitis may 

be recognized clinically, the localized and the diffuse. The localized 
form affects principally one segment of the breast, although microscopic 
examination generally shows that the changes are not entirely circum- 
jscribed, but- are present over a wide area and in both breasts. The 
affected part forms a nodular, irregular lump in the breast, and some- 
tiines is so hard as to simulate cancer. It may usually be distinguished, 
however, by t.hc fact that although easily palpable and clearly outlined 
when the breast is held between fingers and thumb, it loses both its 
definition and its sense of induration when pressed against the chest 
wall. In other respects the distinction is not always easy. Chronic 
mastitis rarely causes retraction of the nipple or dimpling of the skin, 
but since these two signs may V)c absent in the early stage of cancer— 
the ideal stage for treatment—their diagnostic value is limited. More¬ 
over, in mastitis slight enlargement of the axillary glands is not un¬ 
common, and it may prove misleading. 

Tho diffuse form affects the greater part of one or both breasts, and 
for this reason is less likely to be mistaken for malignant disease. The 
characteristic feature on examination is a diffuse, fine granularity, most 
easily defined when the breast is palpated between the fingers and thumb. 

Cysts may occur in either type, and if large are readily palpable as 
smooth, tense, mobile swellings. In some cases, one or both breasts are 
completely cystic (Sehimmelbusch or R^lus’ disease). 

Chronic mastitis may develop at about the period of the meno¬ 
pause, but often it occurs much earlier. The disease is most common 
in the unmarried and childless, but may arise in parous women. In the 
great majority of cases it is symptomless, and passes unnoticed or only 
attracts attention when a lump is felt in the breast. Occasionally, how¬ 
ever, there are shooting pains, either in the breast itself or referred to 
the arm. 

Nature of Chronic Mastitis. The nature of chronic mastitis has been 
greatly clarified in recent years. All the available evidence indicates 
that the disease isjpLot due to bacterial infection nor to toxemia but to 
^the perverted fiw;tion.^of certain hormones whicH normally exercise an 
influence upon the activitfes ^jth.e^breastO 

The breast is Ibntinuously influeneed by ovarian W-mones, which 



CHRONIC MASTITIS 


/ 


369 


are themselves subject to the control of the hormones of the anterior 
part of the pituitary gland. To variations in the activity of these 
secretions are due those proliferative changes which occur at puberty, 
at the menstrual periods, during pregnancy and lactation, and at the 
menopause. It can .readily be understood, therefore, how an abnor¬ 
mality of this CQntroiling mechanism may lead to the changes char¬ 
acteristic of chronic mastitis, changes which differ from the physio¬ 
logical process of involution only in their greater extent and in the 
predominance of epithelial proliferation rather than atrophy. 

So far as our present knowledge goes both the ovarian hormones, 
CEstrin and lutein, exercise an effect on the breast, and it is possible 
that pituitary hormones may act both directly on the breast and also 
indirectly by controlling the secretions of the ovary. In animals it 
has been found possible to induce chronic cystic mastitis by repeated 
injections of impure folliculin or oestrin (Goomiaghtigh), and it seems 
likely that some abnormality, quantitative or qualitative, in these 
hormones is responsible for chronic mastitis in man. 

The Relation of Chronic Mastitis to Tumours of the Breast. (1) Simple 
tumours. Chronic mastitis is an almost invariable accompaniment of 
simple tumours of the breast. Generally, it can be recognized“6uly on 
microscopic examination, but in some cases its presence is quite obvious. 
Some authorities, indeed, recognizing the close relationship of clmmic 
mastitis to simple tumours, regard them not as distinct conditions 
but as manifestations, differing only in degree, of a single disorder, a 
mammary dysplasia. Thus a fibro-adenoma may be regarded as an 
extreme, localized form of the “ adenosis ” found diffusely in chronic 
mastitis, whilst a papilloma may be regarded as an extreme, localized 
form of “ epitheliosis.” 

(2) Carcinoma. The relation of chronic mastitis to carcinoma of 
the breast is of immense interest in its bearing upon the question of 
the cause of cancer, and it is also of great practical importance from 
the therapeutic standpoint, for upon it depends the choice, so vital to 
the welfare of the patient, between conservative measures and radical 
extirpation. In spite, however, of extensive clinical and pathological 
investigations the question still remains highly controversial, and 
eminent authorities hold opposite views, viz.: (1) that chronic mastitis 
is a frequent precursor of jjancer, and (2) that the breast affected with 
chronic mastitis’ls little, if any, more liable to cancer than the normal 
breast. 

The close relation of mastitis to cancer has been upheld principally 
by those who approach the subject from the histological standpoint, 
and there is no doubt that on microscopic examination the epithelial 


proliferation of mastitis may approximate so closely to malignancy as 
to deceive the most experienced pathologist. Moreover, a breast 


affecte(^by carcinoma almost invariably shows evidence of chronic 
mastitis:; These observations afford very strong support for the view 


that at least some forms of chronic, m^titis are precancerous. Further 
support has recently been forthcoming'frdm experimental work upon 
the hormonal origin of chronic mastitis, for it has been claimed that in 
mice the repeated injection of folliculin (cestrin), whidUhas been shown 
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by other writers to give rise to chronic mastitis, may in some cases lead 
to the development of carcinoma (Lacassagne). 

From the practical standpoint, however, it must be recognized that 
malignant change is not a regular, or even a frequent complication of 
chronic mastitis^ The general view is thaCcarcinoma is most lively to 
occur in the localized type of chronic mastitis, especially if cysti<^,i and 
that it is a very rare complication of the diffusely nodular type.', 

CYSTS IN THE BREAST 

The great majority of cysts in the breast are those related to chronic 
mastitis, and have already been described in that connexion. 

A rather uncommon type of solitary cyst is the galactocele, or milk 
cyst. It develops during or shortly after lactation, probably from some 
obstruction to one of the principal ducts. At first the content is thin 
and milky, and the cyst is tense and thin walled, but finally the milk 
gradually becomes inspissated to a cheesy consistence, and the wall 
loses its epithelial lining and becomes thick and fibrous, so that 
it may eventually resemble, and be mistaken for,^ a dermoid cyst. 
It forms a painless, rounded swelling situated close under the nipple. 
At first it is tense and elastic, and is mobile within the breast. Some¬ 
times a little milky fluid may be expressed from the nipple. Later 
it acquires a more solid consistence and becomes fixed to the surrounding 
breast by fibrous adhesions. The history of onset during lactation 
usually suggests its nature. 

Cysts may arise in the breast in relation to tumours, and they will 
be described in the appropriate place. Blood cysts occasionally arise 
from the encapsulation of old hsematomata. The so-called retention 
and lymphatic cysts are probably really cysts in connexion with chronic 
mastitis. Dermoid cysts have been described, as have hydatid cysts. 

TUBERCULOSIS OF THE BREAST 

This affection occurs principally in middle-aged women. It is 
generally regarded as a rare condition, though, like other forms of 
tuberculosis, it is not uncommon in Scotland. 

The breast is usually involved by; direct spread of the disease from 
some neighbouring structure, e.g,, from a rib, from a lymph gland in 
the axilla or from tuberculous pleurisy. Rarely, it is involved in the 
absence of a neighbouring focus, and the infection must be presumed to 
have reached the breast by the blood stream from a distant primary 
focus. '' 

In the common form, secondary to tuberculosis of a costo-chondral 
junction, there is a deep-seated, symptomless swelling—a cold abscess 
—^which may track forwards and downwards^ involving the mammary 
tissue. Eventually it comes to the surface, generally at the in&a* 
nutmmaiy fold, and gives rise to a sinus. 

' Less ofteni in the early stages a hard nodular mass may be felt in 
the tnissC and may be mistaken for a focus of chronic mastitis or even 
csin^pmna. It dinsists of an aggre^i^m of tubercl^, 'partly caseous 
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and matted together by fibrous tissue. Such a mass generally softens, 
and in the course of time gives rise to a cold abscess, or it may stimulate 
much fibrous tissue and lead to extensive sclerosis of the breast. 

SIMPLE TUMOURS OF THE BREAST 

These are fibro-epithelial tumours composed of various proportions 
of glandular and connective tissues. In the past it has been customary 
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Fig. 158. Pericanalicular fibro-adenonia of tlie breast, removed from a 
woman aged twenty-eight years. The tumour had grown slowly during 
several years. It is non-malignant, and is surrounded by a well- 
dehned capsule of condensed fibrous tissue. 

(Department of Surgery, Umneni/y of Edinburgh.) 

to recognize a large number of different types, but it is now admitted 
that many of these depend merely upon variations of degree rather 
than of kind, and that actually all are closely related. The most simple 
and generally useful classification recognizes three principal tumours, 
two forms of fibro-adenoma and one form of papilloma. Typically, 
each of these is distinguished by striking characteristics, but inter¬ 
mediate forms may occur in which the designation is difficult. 

In regard to the aetiology of these tumours, a great advance has 
been achieved in recent years. By the employment of whole section, 
“ key block,” and other methods it has becopie possible to study the 
breast as a whole. Such studies show clearly that, a simple tumour is 
rarely the only pathological lesion, but is often accompanied by changes 
of the nature of chronic mastitis in the rest of the breast; and there is 
much evidence to suggest that the two lesions are connected, and that 
the tumour may be regarded as a very localized and extreme form of the 
same proliferative changes as are found in chronic mastitis. 

Simple tumours other than fibro-adenoma and papilloma are rare. 
Fibroma, adenoma, lipoma, myxoma, and angioma have been described. 

Fibro-adenoma 

Two principal types of fibro-adenoma are recognized : {a) peri¬ 
canalicular and (6) intracanalicular, 

(a) Pericanalicular Fibro-adenoma. ^pericanalicular fibro-adenoma 
occurs typically in young tvon^n from twenty to thirty years of age. 
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though occasionally later in life. It ja usually small, firm, and 
of slow growth (hard fibroma), but may lifter, even to the softness 
of a lipoma. It is rounded or ovoid, and almost invariably encap- 

suled, and is usually 
recognizable on clinical 
examination by its 
great mobility within 
the substance of the 
breast. When the 
capsule is opened and 
incised the tumour 
may be enucleated 
like a pea from its 
pod, and like the pea it 
has a pedicle of attach¬ 
ment where its vessels 


enter. 

The pericanalicular 
fibro-adenoma is be¬ 
lieved to arise as a 
result of an extreme 
but localized prolifera- 

Fig. 159. Pericunalicuhir fibro-ndenoinu of the tion comparable to the 
breast. Acini lined by a single layer of e«)lumnar “ adenosis ” of chronic 



or cubical cells lie eiubcdded in a fibrous stroma. 
(Laboraiurji of Royal College of t'hysieiani of Edinburgh.) 


“ adenosis ” of chronic 
mastitis (p. 867). It 
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IS as though a ductule 

or a number of related ductules bud out into innumerable new acini, 
which fill the “ accommodation space ” and hollow out a cavity for 
themselves within a capsule formed by the surrounding fibrous 
tissues. 


The microscopic structure is extremely simple, for the tumour 
consists of a variable amount of fibrous tissue in which are rounded or 
oval acini lined by cubical epithelium. Depending upon the amount 
and nature of the connective tissue, the tumour is soft or hard. Occa¬ 
sionally, when the stroma is scanty, the appearance is that of an 
adenoma, and when the stroma preponderates the tumour may have 
the character of a fibroma. 


(b) Intracanalicular Fibro-adenoma. An intracanalicular fibro¬ 
adenoma differs, in typical examples, both in appearance and progress. 
It occurs commonly at a later age period, between thirty and fifty years 
of age, and grows somewhat rapidly. The consistence is soft, and 
eventually the tumour may attain great sire, and is liable to be mistaken 
for sarcoma. On cross section the tumour often appears partly cystic 
and partly solid, and in places the solid portions project into the cysts 
in the form of bulky cauliflower-like processes of complicated structure 


{cystadenoma or intracystic papillary adenoma). 

i^The tumour probably arises from overgrowth of the delicate con¬ 
nective tissue immediately outside the ductal epithelium. In its 


growth this tissue projects into ducts and dilated spaces in a complicated 
mass of blunt, rounded processes, each eoverwi with epithelium. With 
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Fio. 160. Intrac-anulicular libro-adenoma of tlie breast. The tumour 
forms a cauliHower-likc (growth and fills and distends the cyst in which 
it lies. 

{Departinent of Surgery, UnivmUy of Edinburgh.) 


increase in size these processes adhere and form secondary attach¬ 
ments to the duct or cyst walls. This comjtlex three-dimensional 
growth is not easily 
recognizable in sec¬ 
tions, and microsco pic- 
ally the tumour con¬ 
sists merely of large 
tracts of connective 
tissue containing slit- 
likc, semilunar or ir¬ 
regularly branching 
spaces lined by cubical 
epithelium. The con¬ 
nective tissue of the 
tumour is extremely 
delicate, of almost 
myxomatous appear¬ 
ance, and it may be so 
cellular as to resemble 
sarcoma. Sarcoma¬ 
tous change occasion¬ 
ally takes place {adeno- 
sarcoma). 

The tumour at first 
is mobile and on inci¬ 
sion it may be shelled 
out from a definite 
capsule. With increase 



B'lO. 161. Intracanalicular flbro-adenoma of the 
breast. X 100. There is an overgrowth of lax, 
cjedematous, connective tissue, and this, projecting 
into the dilated mammary ducts in complex 
fashion, has carried with it a covering of cuboidal 
epithelium, 

(Laboratory of Royal CiMegt of Phytieiant of Edinbwrgh.) 


in size it becomes irregularly lobulated, 
and its shape is modified by cyst formation. Later it may adhere to 
the deep surface of the skin, and by pressure may ulcerate through the 
skin, and project as a soft, fungating mass. This appearance, now 
rarely encountered, may sug^t malignancy, hence the old name 
“ cysto-sarcoma fungoidesr*^^ 




Duct PapiUoma (Intracystic Pa^ffloma) 

This is ail cpi^^ielial tumour arising frona the lining cells of a l agge 
du^^ and projecting into the lumen of thc'xiuct, which coincidently 
becomes dilated or even cystic. It is s|l(^.:igl! 0 Mdng, and occurs usually 
about the period of the menopause, though occasionally in younger 
women. 

It is recognizable as a rounded mass of any size up to that of a 
hen’s egg, generally situated close unde iL-tlie nipple, which may be 
unduly prominent or retracted. Associated with the tumour there is 
a disch^ge of clear or sometimes blood-stained fluid from the nipple. 

drT cut section the tumour is seen as a(papillary growth projecting 
from the wall of a dilated duct. It may be small in comparison with 



Fig. 162. Duct papilloma of the breast—5/6 natural size. The tumour 
has projected into and distended one of the main ducts of the breast. 

The duct is cut across in two places, in the nipple and deeper in the 
breast, and portions of the extensive papilloma are seen in each 
situation. The underlying breast shows wry well the “ adenosis ” 
of chronic mastitis. 

[LabortHory of Koyal CoUett of Pltj/nriant of MitOurgh.) 

the dilated space or it may occupy the entire cavity, to which it is often 
adherent at numerous points. 

Microscopically, it consists of a complex dendritic core of delicate 
connective tissue surmounted by hyperplastic columnar epithelium 
either in a single layer or, more frequently, several cells in depth. 
Usually only one palpable tumour is present in the breast. Rarely there 
may be two or three of approximately equal size. As Cheatle has 
emphasized, however, careful examination frequently reveals early 
changes of a similar nature widely distributed throughout the breast. 

A duct papilloma is very apt to undergo malignant change into a 
slow-growing cancer change sometiin§;S indicate by the occurrence 
of a bloody dischai^ from the nipple, i^me authorities believe that 
duct papilloma is itself in the early stagesof malignancy. It is certainly 
to be regarded as precanceious.'| 
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MALIGNANT TUMOURS 
CARCINOMA 

Four of every five tumours in the breast are malignant, and of these 
the vast majority are carcinomata. Sarcoma and other rare growths 
account for only 3%. Carcinoma of the breast is, moreover, one of the 
commonest of all malignant tumours, sharing this distinction with 
carcinoma of the uterus, but fortunately, owing to its accessible position 
and comparatively slow growth, its recognition is often possible in the 
early stages, at a time when it is amenable to treatment. 

The disease is almost limited to women, and less than 1% of cases 
occurs in men. It appears most commonly between the ages of forty 



Fir. loa. Intraduct cancer of the breast. X 60. Two of the diicta are 
occufued by solid masses of epithelial cells, which have all the 
characters of malignant cells except that they do not invade the 
surrounding tissues. The other two ducts are dilated and contain 
cells of colostrum type. Their lining cells show early proliferative 
changes. 

{taboraUrry of Royal CoUtge of Phytusiana of Edinburgh.) 


and sixty, but it has been known to arise at the early age of seventeen, 
and it is not uncommon in the aged. Nullipa rae are somewhat more 
liable to be affected than multiparae, owing perhaps to the frequency of 
chronic mastitis in the former. 

Types of Mammary Carcinoma. In the past an extremely compli¬ 
cated classification of carcinoma of the breast has been adopted, but 
nowadays the whole trend of informed opinion is in favour of simplifi¬ 
cation. 

The extensive researches of Cheatle and Cutler, Dawson and others 
have demonstrated that the tumours so variously described are not 
distinct neoplasms but variations from a common type, and that the 
differences in histological structure are variations in degree rather 
than in kind. 

The subject can best be studied by considering the early phases in 
the development of a tumour from its original cell or cells. It may be 
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assumed that practically all carcinomata in the breast arise from the 
epithelium of the duct system or of cysts derived from the duct system. 
They may all, therefore, be regarded as forms of dtict carcinoma, 
although this term is used by some authorities in a more limited sense, 
to signify tumours characterized microscopically by duct- or tubule- 
formations. 

The original epithelial cells, when stimulated to malignancy, may 
at first proliferate entirely into the lumen of the duct or cyst, without 
invading the surrounding tissues. To this condition of intraductal 
malignant epithelial proliferation Muir has applied the term irUraduct 
Cflrdnoma {see Fig. 163). Such proliferation may occur diffusely, 
affecting a large number of cells simultaneously in more than one part 
of the breast. In some cases it gives rise to a localized tumour, an 
adenocarcinoma characterized microscopically by the presence of tubules 
lined by several layers of hyperplastic epithelial cells {see p. 380). 

The next stage in the progress of the malignant cells is seen when 
they penetrate the basement membrane of the duct wall and invade 
the surrounding connective tissues. With the assumption of invasive 
^ character, both the microscopic picture and the degree of malignancy 
show an immediate change. The cells, originally cylindrical, now by 
mutual pressure assume a spheroidal shape, and they no longer give 
rise to tubular or acinar formation but grow into the tissue and 
lymph spaces in the form of solid processes. In this way originate the 
various forms of spheroidal-cell carcinoma of the breast, a term which 
embraces the common scirrhous tumour and rare forms such as the 
encephaloid carcinoma and the acute carcinoma of lactation. 

The malignancy of the various forms of invasive carcinoma of the 
breast depends to a remarkable extent upon the functional activity of 
the affected gland. In an atrophic breast, of diminished vascularity 
and scanty lymph drainage, the malignant cells progress slowly and 
become enveloped in a stroma of dense fibrous tissue {atrophic scirrhotis 
carcinoma) ; whereas in a well-developed breast, of full vascularity 
and free lymph drainage, the progress is rapid, the malignant cells 
grow in large solid masses, and the stmma is scanty {encephaloid or 
medvUary carcinoma). The most malignant mammary carcinoma 
is that which affects the gland in pregnancy or lactation, when its 
functional activities are at their zenith, and its high vascularity and 
copious lymph drainage promote intense proliferation and early 
dissemination. 


Sdrrhous Carcinoma 

A hard or scirrhous carcinoma is the commonest form of mammary 
growth, occurring characteristically in women between the ages of 
thirty-five and sixty-five. The growth is situated most often in the 
upper duter quadrant of the breast; least often the lower inner quadrant 
is afiected, while tlie other two quadrants take an intermediate position 
as regards incidence. Usually the growth arises in the substance of 
the gland fairly do^ to the nipple, but occasionally an outlying lobule 
is affected first. / In the axillary prolongation of the breast a tumour 
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may be mistaken for an enlarged lymph gland, llarely both breasts are 
affected simultaneously or in succession—a remarkable exception to 
the general rule, which suggests that cancer may depend upon some 
general upset of cellular activity as well as u]>oji a local growth 
perversion. 

Characteristically, the tumour is of small size, and is stony hard, 
so that it is most evident when the breast is pressed by the flat of the 
hand against the chest wall. From the first it is firmly fixed within the 
breast substance, and later, from contraction of its tough fibrous stroma, 
it pulls upon surrounding structures. When the tumour is related to 
the larger milk ducts it may cause some elevation and fixity of the 
nipple at quite an early period. Later the nipple becomes deeply 
retracted. By traction exerted upon the ligaments of Cooper the skin 
over the tumour may become dimpled, and later adherent. Eventually 


Fig. J64. Scirrhous carcinoma of the breast. The tumour possesses no 
capsule and has infiltrated the tissues of the breast. The nipple is 
deeply retracted. 

(liepaHmetA of Surgery, Vnii’ergUy of Bdirihurgh.) 

the tumour becomes fixed and immobile upon the chest wall, and it may 
ulcerate through the skin surface. 

When the breast is cut across, the nature of the tumour is usually 
obvious. It i.s so hard that the knife may creak in the process of cutting, 
and impart an almost gritty sensation. In the bisected breast the 
tumour is seen to be of small size, but invading the breast in all direc¬ 
tions, and it has no capsule. It is fibrous, light grey or pinkish grey in 
colour, and it retracts somewhat when cut, so that the cut surface 
becomes slightly concave. Scattered through the tumour there are 
often pale fibrous streaks and pin-head yellow spots of necrotic epithelial 
tissue, so that the appearance is aptly comparable to the cut surface of 
an Tuiripe pear. 

Microscopically, the tumour is composed of spheroidal epithelial 
cells in a stroma of fibrous tissue. The spheroidal cells are believed to 
be derived from ductal epithelium, but they exhibit no glandular 
arrangement and lie simply in solid masses or in finger-like columns 
which invade the surrounding tissues in all directions. The stroma 
is present in abundance and is composed of tough fibrous tissue, hence 
the haid or scirrhous nature of the tumour.Th^ elastic lamina of the 
ducts shows striking (and unexpljiined) overgrowth. (Often tow’ards the 
periphery of the tumour, however, the stroma is less dense and the 
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epithelial cells are present in greater numbers, as though more vigorous 
and invasive in this region. In such places the microscopic appearance 
may resemble that of an “ encephaloid ” tiunour. 



Fig. 165. Scirrhous carcinoma of the breast. Invading columns of 
malignant cells surrounded by a dense stroma of flbrous tissue. 

The atrophic scirrhous cancer is an extreme variety of the ordinary 
form. It is found in atrophic* breasts, and especially in women over the 



Fio, 166. Encephaloid cancer of the breast. The tumour is of large size 
and has underp:onc extensive necrosis, with the formation of a spurious 
cyst. It has invaded the pectoral muscle and has begun to ulcerate 
at the skin surface. 

’ j\,r {.Dtpartmtutof Surgery, Vnivertily Of Sdinbwgh.) 

of 8ixty-five,,,and it forms a tiunour of very slow growth and low 

The breast is sh nttt kan, the nipple deeply retracted, and the skin 
over the tumour deeply puckered. The tumour is small, but very hard 
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and fibrous, and is firmly adherent. Metastases develop only after a 
long period, and death may be delayed for as long as fifteen yeare. 
Microscopically, there are small islands and delicate strands of spheroidal 
“epithelial cells em¬ 
bedded in dense 
fibrous tissue.' 

Medullary (Ence- 
phaloid) Carcinoma 

The medullary 
or encephaloid car¬ 
cinoma has the 
’same essential 
nature as the scir¬ 
rhous variety, but 
it is softer, more 
cellular, and more 
rapid in growth and 
dissemination. It 

occurs typically in Acute lactation cancer of tlie breast. X 800. 

well-deve loped 'I’jie tumour is one of great malignancy. The cells 

breasts in younger are of primitive character, and there are numerous 

women, and forms niitotic figures. A malignant giant cell is present. 

a large soft mass (Laboratory of Royal College of I'hysieiane of Edinburgh.) 

that infiltrates 

widely. When cut across, it is of spongy texture, or almost brain¬ 
like, and haemorrhages and large areas of necrosis are common. 
Microscopically, it is composed of solid masses of epithelial cells sup¬ 
ported in a delicate connective-tissue stroma. The epithelial cells are 
spheroidal or sometimes almost coliunnar, and may show mitotic 
figures and other evidence of rapid division. The tumour is often 
vascular, and the blood vessels are thin walled, and bleed readily. 

The acute cancer of pregnancy and lactation represents an extreme 
form of the encephaloid type. It is a highly malignant tumour, which 
grows rapidly to large size, and leads to an early fatal issue, often in 
the course of a few months. The breast becomes diffusely swollen and 
painful, and dilated veins appear under the skin. The tumour is very 
vascular, and since there is already a state of physiological hypersemia 
the whole breast becomes hot. A slight rise in body temperature may 
be observed, with impairmentibf appetite and malaise, and conse¬ 
quently the tumour may be mistaken for a deep-seated abscess and 
incised. > 

On cross section the tumoiu* presents a soft, haemorrhagic, infiltrating 
mass, often with large areas of necrosis. Microscopically, the epithelial 
ceUs show every sign of extreme mtdignancy. Mitotic figures of irregular 
pattern are common, nuclei stain deeply, and the cells vary greatly in 
size and shape. The anaplasia may be so great that the tumour resembles 
a sarcoma. 

It should be mentioned that a mammary carcinoma arising in 
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pregnancy or lactation does not invariably progress so rapidly. A 
moderately prolonged survival after operation is not rare. 

Adenocarcinoma 

This term was used by Halsted to describe, mammary tumours 
containing large tubular spaces lined with many layers of epithelial 



Fio. 108. Mucoid (colloid) caiiccr of the breast. The tumour is an adeno¬ 
carcinoma that has undergone iimeuid cltange, and it contains numerous 
cystic spaces flllcd with jelly-like material. Though massive, it is 
fairly well circumscribed and not very malignant. 

(Department of Surgery. VnirertUy of Edinburgh.) 

cells. It is now generally applied to a tumour in which the cells are 
not entirely arranged in solid masses, but exhibit in places a glandular 
arrangement. In most cases a tumour of this class approximates to a 
localized form of intraductal malignant hyperplasia {see p. 876) and is 
consequently of low-grade malignancy. Some such tumours are partly 
composed of large, clear rounded cells, resembling sweat gland cells. 
Tumours of this type have been described as “ sweat-gland carcinoma” 
and have been regarded as arising from sweat-gland rests isolated 
during development (Creighton). In Dawson’s opinion, on the 
contrary, the tumours are derived from the ordinary epithelial 
cells of the breast, and the pale appearance of the cells results from 
degenerative changes. It is possible that other adenocarcinomata 
arise from the malignant transformation of papillomata in ducts and 
cysts. 

Mucoid Carcinoma (Colloid or Gelatinous Carcinoma). Small areas 
of mucoid degeneration are not uncommon in mammary growths, and 
occasionally this flange is sadhciently obvious to merit separate descrip* 
tion. In well-marked ex^pies a large area or even the entire tumour 
is affected. The muobid material is a product of the malignant 
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epithelial cells. At first it lies within the cells, which as a consequence 
become distended to signet ring shape. Later the mucoid material 
is set free in the intercellular stroma, sometimes in such large 
quantities as to obscure the small and more or less degenerated 
epithelial cells. 

Mucoid cancers are usually bulky and of soft eonsisteney, but 
their apparent malig¬ 


nancy is usually belied 
by slow growth and 
late dissemination. 
Occasionally, however, 
they are rapidly inva¬ 
sive. 

When cut, the 
tumour is seen to be 
composed mainly of 
soft, jelly-like mate¬ 
rial, yellow or red in 
colour, often collected 
in cyst - like spaces. 
In places there are 
masses or streaks of 
solid tumour tissue of 
pale colour. Micro¬ 
scopically, there is 
sometimes difficulty in 
recognizing the nature 
of the tumour, for 
many of the epithe¬ 
lial cells are degene- 



USa. .Mucoid ciiiiccr of I lie Lrcjisl. SO 
Siiiiill colh'ctioiis of splicroidiil ci>it1icliul cells arc 
surrounded l>y musses of mucoid (colloid) material. 
(Ijaltorttiorn »/ Unml ('ullr'ic of I'hyninann of Kdxnhurijh.) 


rate, and are scattered as small islands in homogt'iieoiis jell\-like 


areas of mucinous substance, 


CARCINOMA OF THE MALE BREAST 

Cancer of the male breast is rare, no doubt for the reason that 
it is exempt from the physiological stresses to which the female 
breast is subject. It is significant that gynccomasia is present in 
a considerable proportion of cases. In general character tin* tumours 
correspond to those of the female breast, and they are usually of slow- 
growing scirrhous type. Most cases occur between the ages of fifty 
and sixty years. Not infrequently the breast has been subjected to 
constant or repeated trauma, often occupational—^for examj)le, by the 
pressure of a bootmaker’s last. Rarely the carcinoma takes origin in a 
simple tumour of long duration. Since the male breast is of small 
dimension the tumour early trangresses its limit^ and invades the 
pectoral muscles, the skin and the lymph glands. ^This^urly spread, 
together with the .technical difficulty at operation of excising a suffi¬ 
ciently wide margin of healthy tissue from the thinly clad male thorax, 
renders the prognosis somewhat more grave thim in the female. 
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SPREAD OF CARCINOMA OF THE BREAST 

The methods and routes of spread of carcinoma of the breast have 
been the subject of prolific research and much well-established informa¬ 
tion has resulted. The pathological and surgical importance of the 
subject requires no emphasis. 

Spread vi& Lymph Vessels. This is by far the most important route 
for dissemination in cancer of the breast, just as it is in any other 
carcinoma. 

The actual mode of lymph vascular dissemination remains a contro¬ 
versial subject. According to Handley’s theory of lymphatic per¬ 
meation, the growing neoplasm permeates surrounding tissues in 
delicate invading columns, which extend by a continuous multiplica¬ 
tion of its advancing cells. This invasion takes place radially in all 
directions, whether in the direction of the normal flow of lymph or 
against it. As the rapidly growing cells at the head of each column 
progress, the cells further back undergo degeneration as a result of 
reactive fibrosis, so that, while the peripheral growth extends, the more 
centrally placed portions are obliterated. Thus there is formed a 
more or less cii*cular zone of actively progressing malignant disease, 
a “ neoplastic ringworm,” which gradually increases in diameter and 
tends to form secondary nodules in skin, bones and viscera at pro¬ 
gressively greater distances from the primary growth. 

Handley has offered a mass of interesting evidence in support of 
this theory. He has emphasized that the earliest metastatic nodules in 
the skin are found close to the breast or in the scar of operation, whereas 
later the skin further distant may be involved. Similarly, metastases 
in bone, he claims, occur first in the ribs, sternum and vertebras, later 
in the upper ends of the humerus or the femur, and rarely at more 
distant situations. Furthermore, metastases in bone occur most 
often on the same side as the primary growth. The upper end of 
the femur, for instance, is involved three times more commonly on the 
same side as the primary tumour than on the opposite side. 

In recent years, however, the permeation theory has suffered con¬ 
tradictions. Microscopically, it is usually impossible to demonstrate* 
evidence of destruction of malignant cells and obliteration of lymph 
vessels within the spreading circle, and on the contrary the tissues 
close to a primary growth are usually more heavily infiltrated with 
malignant cells than those more distant. Comparison with the mode 
of spread of carcinoma elsewhere, e.g,, in the tongue, does not support 
Handley’s hypothesis. 

It is now generally believed that extension vid the lymph vessels 
depends principally upon a process of emMism, cancer cells or masses 
of cells being detached from the parent growth and set free in the 
l 3 rmph stream. They are carried first along the periductal lymph 
vessels to the subareolar lymph plexus (Sappey), or to the extensive 
rp^xus of lymph v^sels in relation to the deep fascia. Thence they 

carried to the regional lymph glands. In the early stages the 
most Important disseinuiation is to the axillary glands. ’‘Leafs 
g!and/^ close to the a^d^|i^ tail of the breast, and the pectoral ^up 
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of axillary glands are usually affected first. From these there is exten¬ 
sion to other grouj)s of axillary glands and laicr thrt)ngh the ajiex 
of the axilla to the supraclavicular glands. Oeeasioually the priniary' 
tumour spreads directly to glands of the apical group by lymph vessels 
that penetrate the greater pectoral muscle and the costo-coracoid 
membrane. The small collection of glands in the infraclavicular 
triangle may, be infected by the same route. 

A growth in the medial half of the breast often disseminates early 
to the glands situated along the internal mammary artery, and these in 
turn readily infect the mediastinal glands, the pleura and lung. 

Tumours in the lower medial quadrant of the breast arc situated, 
as Stiles pointed out, immediately superficial to the sheath of the rectus 
muscle, and not far distant from the epigastrium, so that dissemination 
vid this “ dangerous angle ” is relatively frequent. The peritoneum may 
be invaded by malignant cells, which form either multiple small scattered 
deposits or a few large masses in the omentum or on the pelvic floor. 
The liver, often the first viscus to be affected, may be invaded from 
its peritoneal surface, and is usually riddled with deposits. 

In advanced cases, and rather uncommonly, the disease may spread 
by lymph channels across the mid-line, to affect the opposite breast or 
its axillary glands. 

Involvement of Skin. The skin may be affected in several ways, 
either by malignant invasion or as a secondary result of obstruction 
of lymph vessels in the corium. 

(1) Direct invasion is parthmlarly apt to occur if the primary 
tumom* is situated superficially. The overlying sldn is thinned and later 
ulcerates. In the scirrhous varieties of tumour the ulcer may resemble 
a squamous cell carcinoma, with indurated, rolled edge and a raised 
sloughing base. More bulky tumours tend rather to project as soft, 
fungating, often haemorrhagic masses. 

(2) Multiple metastatic nodules may appear around the tumour, 
either in a healthy area of skin or in parts modified by lymph vascular 
obstruction. At first, they tend to appear close to the primary tumour 
or, after operation, in or close to the scar; later, they may extend to 
cover large areas of the thorax and abdomen. According to Handley, 
the nodules result from the invasion of the skin from below, by cells 
derived from the growing edge of the annular zone of permeation along 
the deep fascia. 

(8) Peau d'orange. In this affection the skin becomes tense, 
thickened and oedematous, not from true cancerous invasion but from 
obstruction of deep lymph channels by the malignant growth. The 
tiny pitted depressions that mark the site of hair follicles and sweat 
glands give the apperance of pigskin or orange peel. 

(4) Cancer en Cuirasse: Cancerous Pachydermia. This is a curious 
condition of the skin occurring, somewhat rarely, in the late stages of 
the disease, and especially in relation to a carcinoma of a slow-growing 
scirrhous type. The first change is a retraction of tlie skin immediately 
superficial to the growth, which becomes Jbeed and indurated. The 
change progresses until it may affect greiSlter part of the thoracic 
and ab dominal surface. The arm of the same Jide is almost invariably 
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affected, the opposite one not infrequently. The affected skin is at 
first thick and cedomatous, pitting on pressure. Later, it becomes 
slirunken, tense, and as iiard as leatJier, so t hat eventually the trunk is 
enclosed in a semi-rigid case, wliicii may be so tightly stretched as to 
interfere with respiration. Scattered over the affected skin there are 
often secondary cancerous nodules, which may be pale, pigmented or 
hcemorrhagic. “ Cancer en cuirasse ” is believi^ by some to arise from 
a widespread infiltration of the skin by a very scirrhous growth. Others 
regard it as secondary to the oedema of lymphatic obstruction. 

Dissemination to Bones. It has already been remarked that meta¬ 
static deposits in bone occur most frequently in the vertebral column, 
less often in the upper ends of the humerus and the femur and the 
skull, and only rarely in more distant situations. Handley claimed 
that this distribution is clear confirmation of the method of spread by 
lymph vascular permeation. ^Piney, however, believes that it can be 
explained on the basis that all these regions in the bones normally con¬ 
tain red bone marrow, and that blood-bome cancer cells grow most 
readily in this tissue. The first sign of a metastasis in bone is found in 
the centre of the man-ow, with no trace of invading columns of cells 
between it and the periosteum. Similarly a metastasis in the cranial 
bones always commences in the diploe. 

Dissemination by the Blood Stream. In addition to the secondary 
deposits in bone, it is generally believed that a certain number of other 
metastatic growths, especially in the lungs and brain, arise from emboli 
disseminated by the blood stream. Schmidt showed, many years ago, 
that such emboli can be demonstrated frequently in the pulmonary 
vessels at the time of death, and although, as he believed, many of 
these are walled off by a protective sheath of blood clot, it seems likely 
that some few may engraft on the wall of the vessel and produce a 
secondary growth. 

SARCOMA 

The activities of the breast are related principally to its epithelial 
elements, and it is therefore not surprising that connective tissue 
tumours are much rarer than carcinoma. 

Sarcoma accounts for about 3% of all mammary tumours. It 
may arise de novo in the breast, and is then either of spindle-cell or 
round-cell type, or it may represent a malignant change in a pre¬ 
existing fibro-adenoma of the intracanalicular type (adeno-sarcoma). 
In this latter variety both ectodermal and mesodermal elements are 
present, and the spindle cells, large or small, may be arranged around 
ducts or spread diffusely. The two types are distinguishable clinically 
only by the longer history of the latter variety. Both form rapidly 
growing massive fleshy tumours, which infiltrate the breast, and lead 
to metastases in the lungs or other viscera. 

RARE TUMOURS IN THE BREAST 

Teratoma of the breast is of rare occurrence in man, though 
common in dogs. Islands of cartilage, calcified areas, and sometimes 
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bone, are found scattered through a stroma of act.i\'clj‘ growing spindle 
cells. The tumour is usually malignant, and resembles sarcoma in 
its course. Its chief interest lies in its origin. It probably arises in 
the same way as similar tumours in the mediastinum, from displaced 
totipotential cells. 

Squamous-cell carcinoma may arise from tlie skin, the areola, the 
nipple or the terminal portions of the milk duets. Melanoma and 
malignant angioma have been described. 


TRAUMATIC FAT NECROSIS 

This is an affection of adipose tissue which is especially apt to occur 
in the neiglibourhood of the breasts, particularly in obese women. 
It is in no sense an affection of the mammary gland, but as it is apt to 
be mistaken for carcinoma, it may eonvenieidly be considered here. 

The disease was first recognized in 1896 by Shattock, who described 
an example occurring in relation to a lipoma in the buttock, and the 
name, “ traumatic fat necrosis,” -was assigned to it by Lanz in 1898. 
In recent years Lee and Adair have described a number of cases and 
have drawn attention to its frequency and to its tendency to simulate 
cancer. 

In about 50% of cases the lesion follows some known injury, 
either a direct blow or, not infrequently, the trauma associated with 
subcutaneous administration of saline solution. It is {Missible that in 
the remainder the causative factor is some minor but oft-repeated 
trauma such as may result from the pressure of clothing or the drag of a 
heavy, pendulous breast. A few weeks after the injury, or occasionally 
much later, a lump develops in the breast or in the subcutaneous tissue 
close to it. The lump is moderately well circumscribed and is of stony 
hardness, and adherent to the breast and surrounding tissues. In about 
half the cases the skin overlying it is tacked down and sometimes 
there is a pigskin appearance like that in cancer. Occasionally the 
nipple is retracted. 

When cut across, the lump is seen to be composed of tough fibrous 
tissue, in the centre of which are pale chalk-like areas and spaces 
containing liquefied fat. It may be distinguished from cancer by the 
absence of the characteristic small yellow spots of epithelial dihris, 
and by the fact that though adherent to surrounding tissues it does not 
infiltrate them. 

The essential pathological feature is a slow aseptic saponification of 
neutral fat. In the centre, fat is liquefied, and around it the products 
of saponification excite a foreign body reaction. | Microscopically, 
globules of fat, fatty acid crystals and sometimes calcium deposits are 
evident at the centre, and around them is a large mass of young fibro¬ 
blastic tissue. Many phagocytic cells are seen filled with fat globules 
and usually there are numerous giant cells of the foreign body 
type. 

•. MTH. 
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PAGET’S DISEASE OF THE NIPPLE 


This is a rare disease of middle-aged and elderly women, eharacterized 
by an('eczematous affection of the nipple, which coexists with or is 
followed by a (rarcinoma in tlu; breast. The condition begins at the 

, tiipple, which assumes 



Fig. 170. Pufiet's disensc of the nipple, x 80. 
The intcr-papillary processes of the epidermis are 
enlarged, and contain the typical Paget’s cells. 
There is a lyini>hocytic infiltration of the corium. 


a bright red, florid, 
finely granular sur¬ 
face, well defined at 
its margins, and 
covered by dry scales 
or exuding a clear or 
sangumeous discharge. 
The lesion is slowly 
progressive, over a 
period of months or 
years, eventually erod¬ 
ing the nipple and 
covering the areola 
and the surrounding 
skin over an area 
which may attain a 
diameter of 4 or 
5 cm. 

Microscopically, 
tlicre are several 
characteristic changes 
both in the epidermis 


(Laboratorv oj Huyal CoUeffe of Phynieiam of Udinburgh.) and in the true 


skin. 


(1) The epidermis, ulcerated superficially, at the same time under¬ 
goes proliferative changes, which become evident on its deep aspect, 
where the, inter-papillary processes become increased in depth and in 
breadth Fig. 170). 

(2) The most characteristic feature is the occurrence of “ Paget’s 

hi the deeper parts oi the 
epidermis, especially in the prickle^cell layer. '^The cells are at first large 
and rounded, with the appearance of cells of an undifferentiated 
glandular carcinoma, but they rapidly undergo retrogressive changes 
and assume a hydropic, degenerated appearam^suc Fig. 171). 

(8) Coincidently there are changes in the tj^^skin. Collections of 
lymphocytes and plafflna cells appear in the papillae of the corium, the 
cajatoles may be dilated, and there is often a fibroblastic reaction. 
These changes are believed by some to precede the epidermal lesions 
and to be important features of the whole process. Others regard them 
as the results of an almost inevitable mild infection of the free 
surface. 


(4) Aldilg with these lesions at the nipple there are almost always 
proliferatii^ chimes in the underlying breast. The ducts are dilated 
or cystic, various degrees of epithelial hyperplasia may be present. 
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etiology. The nature of the disease has been the subject of much 
controversy, and still remains unsolved. Particular interest attaches 
to its relationship to the underlying careinoma. A subjacent carcinoma 
almost invariably occurs, sometimes shortly after the appearance of 
the affection of the nipple, usually within two years, but occasion¬ 
ally as long as ten or even twenty years later. The tumour, which 
is usually of the slow- 
growing, sc’irrhous 
variety, may arise in 
any part of the breast, 
and may be at some 
distance from the 
nipple. 

According to Hand- 
ley, the nipple lesion 
is due to cedema of 
the epidermis resulting 
from obstruction of 
the lymphatics by th^ 
deep-seated carcinoma/ 

The theory more 
widely accepted is that 
propounded by Muir. 

Muir emphasizes that 
in every breast aflFected 
by Paget’s disease exa¬ 
mined by him there has 
been present a wide¬ 
spread hyperplasia of 
the epithelium lining 
the ducts—^the con¬ 
dition he describes as “ intraduct cancer ” (p. 376). , This hyperplasia 
is the primary factor which leads to the development both of the 
nipple lesion and also of the underlying scirrhous carcinoma.^' 

According to this theory, hyperplastic epithelial cells derived from 
the milk ducts close to the nipple invade the epidermis and lead to the 
ulcerative lesion in that area. These invading cells form the “ Paget 
cells,” and their peculiar hydropic appearance is due to degenerative 
change induced by the reaction of the epidermis. 

Similarly, hyperplastic epithelial cells in one of the ducts deep in the 
breast may also assume invasive characters, penetrate the duct wall 
and give rise to the formation of a scirrhous carcinoma. 



Fh;. 171. Paget’s disease of the nipple. X 17.1. 
The section shows two intcrpapillary processes of 
the epidermis containing numerous Paget ceils. 
Note the lymphocytic infiltration in the corium. 
(Laboratory of Royal College of PhyHdane of Edinburgh.) 
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CHAPTER XVIII 


DISEASES OF THE MOUTH, JAWS, SALIVARY 
GLANDS AND NECK 

DISEASES OF THE LIPS 
Carcinoma 

Carcinoma of the lip is a common condition wliicli arises most often 
between the ages of fifty and seventy years. In over 90% of cases the 
male sex is affected, and in a similar proportion the growth is situated 
on the lower lip, especially at a point between the midlinc and the 
angle of the mouth. 

Carcinoma of the lip is rare in members of the upper classes and in 
townspeople. It occurs most frequently in countrymen of the working 
classes, especially in those exposed continuously to sunlight. It is 
generally believed that the common jircdis]losing factor is chronic 
irritation and hyperplasia consequent on the use of a hot tobacco 
pipe, especially of the short clay variety. This habit exjilains the 
common situation and incidence of the growth. In this connexion it is 
interesting to observe that in women the disease is almost limited to pipe 
smokers. Whilst the sctiological significance of pipe smoking is generally 
assumed, it is not accepted by all authorities, and Broders, in particular, 
has maintained that the relationship is more apparent than real. Lane 
Claypon, moreover, has shown that statistically there is no supjiort for 
the belief that smoking, as such, has any dclinite relationship to cancer 
of the lip, though it is possible that the heat of a pipe stem or the excoria¬ 
tion induced liy adhesion of cigarette paper may be predisposing factors. 
In some cases a syphilitic lesion, a wart or fissure or patch of Icucoplakia, 
seems to be a predisposing factor. 

Occasionally a growth on the lower lip is accompanied by one in a 
corresponding position on the upper lip, an occurrence usually attributed 
to implantation of free malignant cells on the opposed surface. 

Naked-eye Appearance. In appearance the carcinoma may at its 
onset take one of several forms. Generally the tumour appears as 
a small warty growth projecting from the surface of the lip, accom¬ 
panied by a button-like induration of the subjacent tissue. Less 
often it appears as a fissure which fails to heal and becomes indurated. 
Yet again it may be ulcerated from the start and form a small erosion 
which crusts over but persists and enlarges. 

Later in its course the growth may assume either of two forms, 
the papillary and the ulcerative. (1) The papillary form has the appear¬ 
ance of a wart-like thickening, elevated above the surface. It 
extends slowly with little surroimding infiltration, and it is slow 
to invade the deeper structures. Eventually it ulcerates and then 
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follows tlic usual course of the second form. (2) The ulcerating Jorm 
is more common. It has the appearance of a typical malignant ulcer, 
with a raised, irregular, rolled margin and a red, indurated base. 

Microscopic Appearance. The growtli has the structure typical of 
a squamous-cell carcinoma or acanthoma (prickle-cell tumour). The 
malignant epithelial cells burrow deeply in the form of pointed or 
hnger-shaped processes which penetrate in all directions. Many of 
the cells have the characters of prickle cells, and cell nests are common. 
Often a striking feature is the aggregation of numerous small 

round cells of lympho¬ 
cyte type in the connec¬ 
tive tissues close to the 
tumour. 

The characters of the 
tumour cells vary some¬ 
what in different tumours 
according to the degree 
of malignancy. In rapidly 
growing tumours the cells 
assume anaplastic charac¬ 
ters and revert to a primi¬ 
tive type, whereas in less 
active tumours they pre¬ 
sent various degrees of 
differentiation and tend 
to become keratinized and 
to form cell nests. Bro- 
ders has made use of these 
variations and has for¬ 
mulated a method of 
grading the tumours according to the degree of differentiation present 
{see p. 57). Tumours of grade 4, in which 75% or more of the cells are 
undifferentiated, have very malignant characters, whereas tumours of 
grade 1, in which fewer than 25% of the cells are undifferentiated, 
are less malignant {see Figs. 17 and 18). Tumours of grades 2 and 8 
occupy intermediate positions. 

Mode of Spread. The growth spreads in the substance of the lip and 
destroys it, and eventually it may invade the cheek, gmn and alveolus. 
Superadded infection is common, and tlie ulcer discharges thin pus 
mixed with copious saliva. Often the breath is foul. The growth 
disseminates, often at an early stage, to the regional lymph glands. The 
glands of the submandibular and submental regions are usually affected 
first, and later those of the upper deep cervical group or, less often, of 
the lower part of the neck. Distant metastases are uncommon, and 
death is usually the result of superadded septic infection or of septic 
{meumonia. 

Primary Syphilis of the Lip ■ 

The lip is the commonest site of extra-genital infection with syphilis. 
The lesion is painless and is characterized by a raised ulcerated surface 



Fio. ITJt. Squarrious-ccll caFCiiionia (epitiielioma) 
of the lip in a fann-lal)ourcr aged forty-nine 
years. Note the typical situation of the tumour, 
to one side of the lower lip. The lip was exten¬ 
sively indurated and the ulceration had spread 
on the lingua] aspect almost to the alveolar 
margin. 
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surrounded by a zone of induration. In some cases there is great oedema 
of the lip. The onset of the condition is soon followed by enlargement 
of the regional lymph glands, and ip other respects the course is that of 
syphilitic lesions in other sites. 


, DISEASES OF THE FACE 

Basal-cell Carcinoma (Rodent Ulcer) 

The face is the commonest site of basal-cell carcinoma, and basal¬ 
cell carcinoma is the commonest tumour of the face. The tumour is 
usually situated near the medial or 
lateral palpebral commissure or in 
the naso-labial fold, less often in 
the frontal and temporal regions of 
the scalp. 

At its inception the tumour lies 
deep to the epidermis and takes the 
form of a firm red pimple or flat, in¬ 
durated plaque. At an early stage, or 
rarely after a considerable period, it 
breaks down, forming a rodent ulcer. 

Thereafter the growth spreads slowly, 
at first mainly at the expense of the 
surrounding integuments but later 
involving the deeper structures, and 
eventually it may attain large size 
and destroy a considerable part of the 
face. Despite its locally invasive 
character, the growth does not metas¬ 
tasize, unless, as sometimes happens, 
malignant change supervenes. 

The general pathological features of basal-ccll carcinoma are 
described in detail on p. 89. 

Squamous-cell Carcinoma (Epithelioma) 

Squamous-cell carcinoma of the face is less common than the 
analogous ^owth on the lips and tongue, but it is by no means rare. 
The condition provides a notable illustration of the general concept of 
precancerous states, for it rarely occurs except upon a basis of some 
pre-existing focus of irritation or disease. 

Lupus vulgaris provides one of the commonest predisposing agents, 
and lupus-carcinoma is a quite distinctive form of lesion. It is said to 
be commoner since the introduction of the X-ray treatment of lupus. 
The tumour is a typical squamous-cell carcinoma, but it differs from 
such tumours arising apart from lupus in its slow growth and com¬ 
paratively low grade of malignancy. Tthe tumour arises many years 
after the onset of lupus, and it may begin either where the.lupus is 
active or where it is healed and replaced by fibrous tissue. Ulceration 



Fio. 17S. Basal-cell carcinoma 
(rodent ulcer). 
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occurs early, but tlie growth remains superficial for a long time with 
little induration of tlic deeper tissues. This slow spread is probably 

attributable to obliteration of lymph 
vessels consequent on the pre-existing 
disease, and indeed lupus-carcinoma does 
not spread to deeper tissues until it has 
extended superficially beyond the lupus 
area and has thus reached permeable 
lymph vessels. It then takes the usual 
course of skin carcinoma and metasta¬ 
sizes to regional lymph glands. 

Basal-cell carcinoma is another lesion 
of the face that is liable to malignancy, 
though rarely. Sometimes the stimulus 
of inadequate irradiation by X-rays or 
radium has appeared to determine this 
change. In other cases long-continued 
irritation by carcinogenic paraffin pro¬ 
ducts forms the predisposing factor, and 
in shale oil workers and mule spinners 
the face is a not uncommon site for 
skin carcinoma (see p. 69). Rarely a car¬ 
cinoma has followed the irritation of tar 
products, and .a ease has been reported in which carcinoma has occurred 
within a few months at a ]>oint burnt by a single spurt of hot tar. 

DISEASES OF THE TONGUE 
Leukoplakia (Chronic Superficial Glossitis) 

This is a chronic affection of the tongue characterized by patchy 
heaping up of the epitheliuin with atrophy of the lingual papilhc and 
chronic inflammatory changes in the subjacent dermis. It is of import¬ 
ance as an intractable form of chronic hyperplasia which shows a 
definite tendency towards cancerous change. 

The patches of leukoplakia vary in size, and, in extreme cases, may 
cover tile greater part of the tongue. They usually begin near the 
lateral edge of the tongue in its anterior two-thirds, and spread thence 
on to the dorsum, or sometimes to the floor of the mouth. Rarely they 
occur on the lingual aspect of the cheek, and on the lips or gums. 

In the affected area the mucous membrane is somewhat indurated, 
slightly raised above the general surface, and of a white or greyish- 
white colour, as though coated with paint. The lingual papilla: are 
flattened and atrophied, and may participate in the patchy whiteness. 
In advanced cases, a different appearance is sometimes seen. The super¬ 
ficial layer of the epidermis disappears, and the patchy whiteness gives 
place to a diffuse raw red appearance sometimes compared to raw beef. 
Often when the leukoplakia is extensive and of old standing the tongue 
becomes fissured. 

lHIicroscopically, there are pathological changes in both the dermis 



Fia. 174. Squanious-ccll eart-i- 
notna arising in a rodent 
ulcer. An example of malig¬ 
nant change supervening on a 
comparatively non-malignaiit 
tumour. 

(Muteum of Itu/ial CoUege of Surgenns 
of JSdinbiirgh.) 
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and the epidermis. The dermis is the seat of a chronic inflammatory 
reaction, is unduly vascular and cedematous, and is infiltrated with 
small round cells of lymphocyte type. 

The epidermis presents histological changes affecting any or all of 
its various cell layers. The most striking deviation from the normal 
is seen in the cells of the middle layers of the cpitlermis, which become 
swollen, vacuolated, and in some parts loaded with eleidin granules. 
In some casds there are collections of large hydropic cells, which some¬ 
what resemble the characteristic cells of Paget’s disease of the nipple 
{see p. 886). As a result 
of these changes in the 
middle layers the epider¬ 
mis increases in thick- 
• ness, and the interpapil- 
lary processes become 
broader and project more 
deeply towards the 
corium. 

The superficial layer 
of the epidermis is gener¬ 
ally increased in depth, 
keratinization is a pro¬ 
minent feature, and the 
superficial cells arc exten¬ 
sively cornified. It is 
this feature that is re¬ 
sponsible for the patchy 
whiteness of leukoplakia. 



In other cases, especially 
in the late stages of the 
disease, the superficial 
layers are reduced in 
depth or even absent. 


Fig. it.*!. Leukoplakia of the tongue. There is 
very considerable proliferation of the middle 
layer of the epidermis, with keratinixation on 
the surface. The basal layer of cells is little 
affected. 


The basal layer of the epidermis also shares in tlie proliferative 


changes of leukoplakia. The basal cells are hyperplastic, their nuclei 


are hyperchromatic and show some variability of size, and their cyto¬ 


plasm is less granular and often somewhat swollen. In some cases, 
the basal cells present a degree of hyperplasia approximating to 


malignancy, and indeed the distinction between extensive leukoplakia 


and early malignancy is by no means easy. 

In the late stages of leukoplakia, when the tongue presents the raw 
beef appearance, the microscopic features arc different. The epidermis 
is now considerably thinned, and represented only by the basal cells, 
the superficial layers having been eroded. The basal cells are still 
more irregular in shape and size, and in their staining reactions they 


may show all the features of malignancy. 

^Etiology of Leukoplakia. Leukoplakia is rare before the age of 
thirty years, and is most common between the ages of forty and fifty 
years. ' It affects males far more often than females. 

The Wassermann reaction is jxisitive in more than 50% of cases, and 
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it is generally believed that s 3 rphilis is an important predisposing 
cause. 

Leukoplakia occurs most commonly in pipe smokers. It is not 
certain ■whether the heat of the tobacco smoke or the action of irritant 
combustion products is responsible. 

In some cases irregular teeth or badly fitting dentures may be 

incriminated. Recent 
observations suggest 
that the presence of 
multiple dental fillings 
composed of dissimilar 
metals may play a part 
in the aetiology, by set¬ 
ting up minute elec¬ 
trical currents when 
touched by the tongue. 
In this connexion it is 
interesting to note that 
Fitzwilliams has re- 
corded a case of an elec¬ 
trician, who developed 
two small patches of 
leukoplakia, possibly 
due to repeated elec¬ 
trical stimulation when 
testing batteries by con¬ 
tact with the tongue. 

Finally, it has been 
suggested that defici¬ 
ency of vitamin A, 
which is known to im¬ 
pair the nutrition of epithelial tissues, may be an aetiological factor in 
some cases. 

In regard to the significance of the pathological changes in leuko¬ 
plakia, there are two main views. The commonly accepted view is 
that the primary change is proliferation affecting the basal cells of 
the epidermis, that the modifications in character of the superficial 
cells are secondary to this, and that the changes in the corium are of 
a reactive natuire or due to superadded inflammatory processes. 

The opposing view, which has been supported recently by Mekie, 
is that the initial lesion is a chronic inflammation, possibly toxic in 
origin, which primarily involves the subepithelial tissues, and later, 
as a result of o^ema and vascular changes, affects the nutrition of the 
epidermis and leads to proliferative changes in that membrane. 

Syphilis of the Tongue 

The tongue may be affected by syphilis, either inheii^ or a cqui red. 
It is one of the commonest sites of extra-genital primary chanere, it 
regul^ly participates in the secondary manifestations, and it is often 
in^vj^ in lesions of the tertiary stage. 



Fio. 176. Leukoplakia of the tongue. The basal 
layer of the epidermis is markedly hyperplastic. 
The more supei^cial layers are relatively unaffected. 
Note the extensive lymphocytic infiltration of the 
dermis. 
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The primary syphilitic lesion, or chancre, results from a direct 
infection, and consequently it is commonest close to che tip of the tongue. 
The chancre forms a hard indolent nodule which ulcerates at an early 
stage and follows a course similar to that of primary chancres in other 
situations. It is accompanied by considerable enlargement and 
tenderness of the regional lymph glands in the submandibular and 
submental regions. 

Secondary syphilitic lesions of the tongue usually take the form of 
mucous patches. They are most evident on the back and sides of 
the"Tongue, and. are usually accompanied by similar lesions on the 
fauces, tonsils and palate. 

Tertiary syphilitic lesions of the tongue are of especial surgical 
interest from their relation to carcinoma. Three distinct forms may be 
recognized: (1) chronic superficial glossitis (leukoplakia), (2) chronic 
parenchymatous glossitis, (8) gumma of the tongue. 

(1) Chronic superficial glossitis in syphilis is characterized by 
changes in the superficial parts of the dermis and in the epidermis. An 
infiltration of round cells is succeeded by fibrosis in the dermis, and at 
the same time the epidermis presents the changes characteristic of 
leukoplakia. 

(2) Chronic parenchymatous glossitis may be regarded as a diffuse 
gummatous infiltration of the tongue, and it is a common occurrence in 
tertiary syphilis. A similar but non-syphilitic glossitis may occur in a 
mercury stomatitis, and occasionally from other causes. 

The essential pathological feature is an infiltration of the connective 
tissues and muscles by small round cells of lymphocyte type, which is 
followed by connective-tissue proliferation and, later, by fibrosis. In 
the early stages the tongue is swollen, and may be ulcerated. Later it 
becomes shrunken and distorted, lobulated like a cirrhotic liver, fissured 
and indurated. 

(3) Gumma of the tongue occurs usually as a late tertiary pheno¬ 
menon. It may be single or multiple. Multiple gummata are usually of 
small size and situated near the surface of the tongue, whereas a solitary 
gumma tends to attain greater dimensions and to arise more deeply, 

A solitary gumma almost always lies in or close to the midline. At 
first it is deeply placed and forms a globular swelling of hard consistency. 
It increases in size somewhat rapidly, and later breaks down on the 
dorsal surface of the tongue, forming a chronic ulcer, deeply excavated, 
with hyperseraic, undermined or sharply cut margins and a yellow 
sloughing centre or base. A gumma is usually painless, and causes 
little interference with deglutition, mastication and articulation. The 
tongue may be protruded to the full extent and with no lateral deviation. 
The ulcer is surrounded by little or no induration in the substance of 
the tongue, and its edge, unlike that of a carcinoma, is not raised, 
rolled or thickened. 

Carcinoma of the Tongue and Mouth 

Carcinoma of the tongue is a new growth of common occurrence. In 
England and Wales it is responsible for approximately a thousi)^ 
deaths aimually. It occurs most often between the ages of forty-five 
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and sixty years, but is common at later ages, and is not unknown as 
early as the thirtieth year. Males are affected in 90% of cases, an 
incidence usually attributed to the greater frequency of syphilis and 
pipe smoking in this sex. 

The predisposing factors in carcinoma of the tongue may be said 
to include all agents which result in an irritative hyperplasia of the 
mucous membrane. Syphilis is said to be present in from 50% to 80% 
of cases in which the dorsum of the tongue is involved. It probably 
exercises a predisposing influence through the Assuring, scarring and 
leukoplakia to which it gives rise. Non-syphilitic forms of leukoplakia 

precede the carcinoma in an 
appreciable proportion of cases. 
In other instances recurring 
trauma from sharp teeth or den¬ 
tures, infection from pyorrhoea 
and irritation from hot tobacco 
smoke may be incriminated. It 
is noteworthy that carcinoma of 
the tongue is rare in the eden¬ 
tulous, and that it occurs usu¬ 
ally at the side of the tongue 
where irregular teeth and the 
irritation of pipe smoking may 
be supposed to have the greatest 
effect. In certain parts of India 
the practice of chewing cal¬ 
careous matter flavoured with 
betel nut is well known to pre¬ 
dispose to cancer, and in other 
parts of the world tobacco 
chewing is said to have the 
same effect. Ihis form of cancer is especially apt to occur inside the 
cheek at the point where the bolus is lodged. 

Site Affected. In most cases the careinoma arises at or near the 
edge of the tongue in its anterior two-thirds, or at a corresponding level 
in the floor of the mouth. Carcinoma near the midline of the tongue is 
uncommon, and almost invariably secondary to a syphilitic lesion. 
The tip of the tongue is rarely involved. Carcinoma in the posterior 
part of the tongue occurs commonly at the side close to the glosso- 
palatine arch. The posterior jiart of the tongue may be invaded by 
carcinoma of the epiglottis and pharynx. 

Naked-eye Appearance. The appearance of the growth is usually 
characteristic, and such atypical forms as are described are rare. In 
its early stages tlie growth may take the form of a hard submucous 
nodule (nodular type), a large, red, projecting papillomatous mass 
(papillary type), or a deep Assure with indurated margins (Assured 
type). In the majority of cases, however, whatever the manner of its 
origin, the growth rapidly breaks down and forms a malignant ulcer 
(ulcerative type). Such an ulcer on the tongue has a highly character¬ 
istic appearance. The actual crater is not necesia^ deep, and may 



Fio. 177, Cuncer of the tonf{uc. Nolo 
the small ulcer and the raised, iiiduralod 
margin. The tumour is unusually close 
to the mesial plane and has caused less 
hxation of the tongue than is usual. 

{MuHvm of HojMl ('ollege of Huriifoim of Edinburgh ) 
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be of small size. The floor of the ulcer is of irregular shape, and is 
surrounded by a broad margin, which is raised, nodular and everted. 
The base of the growth and the adjacent substance of the tongue are 
indurated and of stony hardness. 

Rarely the tumour does not ulcerate, but spreads deeply and infil¬ 
trates the root of the tongue, causing it to become indurated, puckered 
and shrunken (wooden tongue). 

Microscopic Appearance. In the great, majority of eases the growtii 
is a squamous-cell carcinoma (epitlielioraa). Carcinoma of basal-eell 
type occurs less commonly. Adcno-carcinoma has been described, 
but is extremely rare. The ordinary squamous-cell eareinoma has 
the characteristics common 
to tumours of this type, and 
consists of clubbed or flask¬ 
shaped processes of epidermis 
which grow down into the 
subjacent stroma and muscle. 

The majority of the cells are 
of the character of prickle 
cells. According to the de¬ 
gree of malignancy there are 
varying degrees of anaplasia, 
and in the more rapidly 
growing tumours mitotic 
figures are numerous. Cell 
nests arc sometimes present 
but are not invariable. 

Effects. The malignant 
ulcer is prone to blei'd and 
liable to gross secondary 
infection, and such compli¬ 
cations bring the patient to a state of aneemia and eaehexia. The 
breath is foul and foetid. Infiltration of the muscles leads to fixation 
of the tongue and to interference with articulation and deglutition. 
The tongue is protruded with difficulty, and tends to deviate towards 
the affected side. Salivation is increased, and since deglutition is 
painful saliva dribbles from the mouth. 

Pain is an early symptom, and may be so severe as to interfere with 
sleep. At first the pain is limited to the affected region, but later it 
radiates through the tongue, and eventually, by reflex involvement of 
the chorda tympani and the auriculo-temporal branch of the trigeminal, 
it is referred to the ear and the side of the face and head. 

Spread. A carcinoma of the tongue spreads locally and invades 
regional lymph glands. The floor of the mouth and tliie muscles at the 
base of the tongue are involved early, and if the tumour is situated far 
back it may spread to the tonsil, the palatine arches and the palate. 
The lymph glands involved first are usually those of the submandibular 
(submaxillary) group. The submaxillary salivary gland frequently 
escapes. The glands of the upper deep cervical group arc generally 
involved later, but ;iKOmetimes they may be the first to be obviously 



Fio. 178. Carcinoma of the tongue. The 
growth has originated at the under surface 
of the tongue and has infiltrated the 
floor of the mouth and the inandihle. 
{Museum of Royal CMeye of Surgeons of KiHnlmrgh. 
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enlat^ged, especially from a growth in the posterior part of the tongue. 
From the tip of the tongue the submental glands are often involved at 
an early stage. 

Spread to distant situations such as the mediastinal lymph glands, 
the liver and the lungs is uncommon, except in the later stages, and 
death is usually the result of such local complications as h«morrhage, 
infection and bronchopneumonia. 

Rare Tumours of tiie Tongue 

Occasionally the tongue becomes the seat of sarcoma. In the 
majority of cases it is a lymphosarcoma derived from the lymphoid 
tissue on the posterior third of the tongue. The tongue may be in¬ 
volved in lymphosarcoma derived from the tonsil. Rarely a spindle¬ 
cell and mixed-cell sarcoma occurs. Such tumours present no special 
characteristics. They form soft rounded masses, which grow rapidly 
and are prone to hsemorrhage and infection. Metastases may occur in 
distant situations, but U8ua.Uy death is due to sepsis or haemorrhage 
from the vascular tumour. 

Other rare tumours of the tongue include lymphangioma, cavernous 
angioma, papilloma, fibroma, lipoma, osteoma, rhabdomyoma, mixed 
tumours and ectopic thyroid enlaigements {see p. 416). 


Cancer of the Floor of the Mouth 

Cancer of the floor of the mouth is a common condition. It may be 
due to an extension from a cancer of the tongue, or it may arise primarily. 
In its general characters it resembles lingual cancer, and usually forms 
a hard craggy ulcer. Most commonly it is situated to the lateral side 
of the anterior part of the tongue, and from this region it rapidly 
infiltrates the muscles of the floor of the mouth, the gum, and alveolus, 
and spreads to the regional lymph glands of the submandibular region. 
The tongue is fixed and can be protruded only with difl5culty. Saliva¬ 
tion is increased and severe pain is expei leiiced both in the growth 
itself and in the tongue, and referred to the side of the head. 

Tumours of the Palate 

The commonest tumour of the palate is the sguamous-ceU carcinoma 
(epithelioma), and it may originate in this situation or spread thither 
from the alveolus or cheek. It forms an ulcerating tumour which has 
the general characteristics of such growths and spreads slowly, involving 
neighbouring tissues and metastasizing to regional lymph glands. 

A sarcoma affecting the palate usually originates in the maxilla in 
the region of the antrum. 

Mixed-cell tumours occur in young subjects, and Me similM in 
structure to salivary gland tumours. In some cases striped muscle fibres 
have been present (rhabdomyoma). Such tunooum vary greatly in 
malignancy, but usu^y they are of rapid growth. 

SudoiMioma, adenoma and papUjloma are extremely rare. 
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CYSTIC SWELLINGS OF THE MOUTH 

Small retention cysts may occur in the mucous glands of the lips 
and cheeks, and if they are situated near the teeth they may become 
abraded and ulcerated. Cysts of a similar nature may also occur along 
the edges of the tongue and in the glands (of Blandin and Nuhn), 
situated beneath the tip of the tongue. 

These cysts are cf a bluish-grey colour, small in size, very thin walled 
and well circumscribed. Their contents are thin, clear and jelly like. 

Ranula. This is a conglomerate term applied to cystic swellings in 
the floor of the mouth. The exact nature and origin of some of these 
cysts arc not entirely established. 

, The cyst is usually unilateral, but it may be bilateral. It generally 
appears in childhood, and grows slowly. It is bluish-grey in colour and 
situated at the side of the frenum. The mucous membrane over the 
cyst is thin but movable. The tongue is raised to a variable extent 
according to the size of the mass, which may be several centimetres in 
diameter. Sometimes the cyst extends behind the mylohyoid muscle 
and causes bulging in the neck behind the submaxillary gland. The 
duct of the submaxillary salivary gland is separate from the cyst. 
Occasionally a cystic tumour of the floor of the mouth has a communica¬ 
tion with a cyst in the neck, and pressure on the oral swelling increases 
the size of tliat in the neck. A large cyst of long standing may cause 
pressure atrophy or maldevelopment of the lower jaw. 

Histological examination of a ranula shows that in some cases it is 
lined with columnar or cuboidal epithelium, in others with fibrous tissue 
alone, probably as a result of destruction of the epithelial lining. In a 
few instances the epithelium is ciliated. The cysts are filled with clear 
or jelly-like fluid containing mucin, but no salivary ferment. 

The origin of these cysts is uncertain. They have been regarded as 
.dilatations of the ducts of the submaxillary or sublingual salivary 
glands, as distension cysts of hypothetical bursae or as retention cysts of 
the mucus-secreting glands of the sublingual mucous membrane. 

There is anatomical evidence to suggest that some of the cysts are 
of branchial origin and are due to prolongation forward of an un¬ 
obliterated portion of the cervical sinus. It has been claimed that 
some of the cysts communicate with a cyst in the neck, or have a 
fibrous extension into the submaxillary region. 

Dermoid Cysts of the Floor of the Mouth. A dermoid cyst of the 
floor of the mouth is of developmental origin, and is due to the inclusion 
of ectoderm at the time of coalescence of the two halves of the mandible. 
The cyst is therefore usually situated in the middle line ; it lies behind 
the symphysis menti and between it and the hyoid bone, to either of 
which it may be adherent. When large, the cyst presents in the floor 
of the mouth and in the submental region. As growth proceeds it 
may deviate towards one side. When large, it may interfere with 
deglutition or even respiration, and the tongue may protrude. 
Although of developmental origin, the cyst is rarely evident before 
puberty. 

The wall'of the cyst is composed of fibrous tissue, and is lined with 
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squHmuus epithelium in which sweat glands and hair follicles may be 
present. Scbacwus glands secrete the cheesy material that jlills the 
cavity. In appearance the cyst is yellowish, smooth and spherical; it 
may pit on pressure, unless its contents are very firm. 

Thyroglossal Cysts in the Tongue. The suprahyoid portion of the 
thyroglossal duct may undergo cystic dilatation, though much less 
commonly than the infrahyoid portion {see p. 417). The cyst generally 
appears in childhood or adolescence, and slowly increases in size. It is 
situated in tJie line of the thyroglossal duct, that is, in the midline 
between the foramen caecum and the mid part of the hyoid bone. When 
the cyst arises in the upper part of the duct it projects upon the dorsal 
surface of the tongue in its posterior third, and in this situation it may 
interfere with deglutition and may even embarrass respiration. When 
the cyst arises in the lower part of the duct above the hyoid bone it 
tends to project at the floor of the mouth in front of the tongue, and in 
this situation it is liable to be mistaken for a dermoid cyst. Formerly 

such a cyst was classed as a dermoid imdcr the title tvhulo-dermoid cyst 

• « 

' TUMOURS OF THE JAWS 

' Tl^e jaws are subject to the same types of tumours as other bones, 
and they are also liable to be affected by tumours of the gums (epulis) 
and by tumours arising in connexion with the teeth (odontoma). 
There are considerable variations in the incidence of the various types 
in the maxilla and mandible respectively. 

Tumours of fhe Maxilla. Carcinoma is now regarded as the 
commonest tumour affecting the maxilla. The growth may start in 
the mucous membrane of the nostril or of the hard palate, and invade 
the bone secondarily, or it may arise primarily within the maxillary 
antrum. Carcinoma of the antrum is of variable character. Sometimes 
the cells arc columnar in shape, and an ill-defined adenomatous structure 
may be present. In other cases the cells are undifferentiated, and th<* 
appearance closely resembles that of a sarcoma. 

Carcinoma of the maxilla is locally very malignant. It invades 
the bone in all directions and may involve the palate, the contents of 
the orbit and the naso-pharj nx. It rarely disseminates to glands or 
distant viscera until a late stage. 

Giant-cell tumour of the maxilla is not uncommon. It grows 
slowly, “ expanding ” the bone, and is generally of benign character. 
In its pathological features it resembles giant-cell tumours of other 
bones {see p. 160). 

Sarcoma of the maxilla is now believed to be considerably less 
common than carcinoma. It may arise near the posterior aspect of 
the maxilla close to the spheno-maxillary fossa, from the anterior 
aspect under the cheek, or from the region of the antrum. According 
to its position the growth may invade the orbit and displace the eyeball, 
or it may project under the cheek or ulcerate into the nasal cavity. 
Simple tumours of the maxilla are rare, apart from epulides and 
odontomes, which will be described separately below. Fibroma, 
chondroma and osteoma may occur. 

Tumours oi the Mandllde. from odontomes, the commonest 
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tumour of the mandible is a carcinoma invading tlie bone from the 
gum or the floor of the mouth. 

Giant-cell tumour is not uncommon. It occurs most often in 
young adults, and generally affects the body of the mandible. The 
tumour grows slowly, and may attain considerable size. It “ expands ” 
the bone, so that the soft vascular tumour retains a thin osseous shell, 
and may give a characteristic crackling sensation on palpation. 

Sarcoma is a rare tumour in the mandible. It is generally of 



Fiu. 170. Kpulis uf giuiit-cell type. 
{Miueum of Royal College of Surgeons of Rdinburgh.) 


spindle-cell type, grows 
rapidly and is highly 
malignant. 

Epulis 

Epulis is a clinical term 
applied to tumours which 
grow from the alveolar 
processes of the jaw’s. 

There are two pathological 
types—the fibrous and the 
giant-ceU epulis. 

The fibrous type is the 
more common. It arises 
from the edge of the gum 
at the neck of one of the 
incisor or premolar teeth. 

The tumour is firm, has a 
smooth surface, is covered 
by noimal mucous membrane, and is often pedunculated. It grows 
slowly but may eventually be 3 or 4 cm. in its long axis ; it may grow 
between the teeth and loosen them. 

A fibrous epulis grows from the periosteum or from the periodontal 
membrane, and chronic inflammatory conditions of the gums are said 
to favour its development. It is a fibroma, and is composed of loosely 
arranged spindle cells which surround numerous blood vessels or thin- 
walled vascular channels. Myxomatous degeneration is not uncommon. 
Round cells and giant cells of the foreign-body type are usually present 
in the tumour. Certain of the growths are very vascular, and have an 
angiomatous appearance. They are soft and spongy, bluish-red in 
colour, and grow more rapidly than the common fibrous tyjK;. 

The giant-cell type grows more rapidly than the fibrous cjmlis. It 
is usually sessile, and forms a smooth, soft lobulatcd mass, rjovered by 
dark red or purple mucous membrane. The tumour usually begins in 
the interior of the alveolus and, as it increases in size, tends to project 
beneath the gums; it frequently causes loosening of one or more of the 
teeth. In the mandible the tumour may extend into the body of the 
bone, producing a cyst-like structure surrounded by a shell of bone. 
Microscopically, the tumoiur is composed of giant cells of foreign-body 
type in a vascular stroma of fibious tissue. 

A giant-cell epulis is a benign tumour, but wide excision is required 
to prevent its recurrence. 
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TUMOURS AND CYSTS OF DENTAL ORIGIN—ODONTOMA 

An odontorae is a tumour derived from the tissues—ectodermal 
and mesenchymal—concerned in the development of the teeth, and 
their pathological characters depend on the stage of development of 
the embryonic dental elements when abnormal growth begins. With few 
exceptions the tumours are benign, but they may simulate malignant 
tumours. 

Some of the tumours tliat have been included under the heading of 
odontoma are not true neoplasms, but are merely inflammatory over¬ 
growths of the tissues around an unerupted tooth. 

The classification of dental tumours formulated by the British 
Dental Association is comprehensive, and forms a convenient basis for 
description of the various types. It is as follows :— 

A. Epithelial Odontorae: (a) Dental cyst, (6) Multilocular cystic 

tumour, and (e) Dentigerous or follicular odontome. 

B. Composite Odontome. 

C. Connective Tissue Odontome : (a) Fibrous, (6) Cementomatous. 

Development of the Teeth. Knowledge of the processes involved in 

the development of the teeth is necessary for a correct appreciation of 
the mode of origin of dental tumours. 

In embryos the first change which foreshadows the development 
of teeth is the appearance of a ridge of epithelium along the line of 
the gum; this epithelial thickening is known as the common dental 
rudiment, and multiplication of its deeper cells at intervals causes a 
series of epithelial projections in the mesodermal tissues. The tip of 
each projection becomes cup-shaped from the protrusion into it of a 
process of mesodermal tissue. The epithelial cup and the mesodermal 
projection constitu^ a dental papilla, which becomes separated from 
the dental ridge. Normally, ten dental papillae develop in each jaw to 
form the “ milk teeth ” ; later, however, other papillae develop to form 
the second molars of the first dentition, and three other papillae appear, 
which represent the future permanent molars. The other permanent 
teeth are developed from a second series of papillae. 

The cells at the summit of the mesenchymal papilla assume a 
columnar form and are known as odontoblasts; they give rise to dentine. 
The epithelial cap which covers the mesenchymal papilla becomes the 
enamel organ, which becomes differentiated into three layers of cells— 
flattened, stellate, and columnar—from without inwards. The 
columnar cells— enameloblasts, are the active elements in producing 
enamel. 

Each developing tooth is surrounded by a vascular fibrous tissue 
membrane, the denial sac, and the mesenchymal papilla, enamel organ, 
and the dental sac form together the so-called tooih foUicle. 

The cement which covers the dentine of the roots of Ihe teeth is 
formed from the mesenchymal tissues in the same way as membranous 
bone. 

Tumours of dental origin may arise in the following ways: (1) From 
proliferation of grmips of eeSb, delved feom tl^^^mmon dental 
rudiment or from the enamel <»|^,^‘tliat may be.'8eaneied about the 
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teeth in infancy or even in adult life. Such groups of cells were 
originally demonstrated by Malassez, and are known as “debris 
epitheliaux paradentaires.” (2) From disorderly proliferation of the 
cells of a dental follicle. (8) From excessive production of dental 
follicles. 


, Epithelial Odontome 

(а) Dental Cyst (Radiculo-dental cyst). This type* of cyst occurs in 
later adult life and usually develops in connexion with a pulplcss tooth, 
especially one of the incisors or the canines of the upper jaw. It arises 
from paradental epithelial rests, 
which are probably stimulated to 
proliferate by infection. The cyst 
is unilocular, is attached to the 
fang of a tooth, and is usually 
small, although it occasionally 
grows to enormous size and often 
extends into the maxillary air 
sinus and causes bulging of the 
cheek. A portion or the whole 
of the affected tooth may lie 
within the cavity of the cyst, but 
the tooth and the cyst are some¬ 
times quite separate. Occasionally there are multiple cysts, and they 
may fuse {see Fig. 180). 

A dental cyst is lined with squamous epithelium and therefore it may 
be mistaken for a dermoid; very rarely the epithelium is columnar, 
indicating more emphatically its dental origin. If infected the epithelial 
lining may be almost completely destroyed and then the walls are 
fibrous. The contents of the cyst are serous or mucoid, and cholesterol 
crystals may be present. 

(б) MultUocular Cystic Tumour (Adamantinoma or enamel-cell 
tumour). This tumour occurs most often in early adult life, but it 
has been found in childhood and in old age. The mandible is affected 
much more frequently than the maxilla (11 : 1), and the region 
of the angle is the usual starting point. The tumour is usually 
simple and grows very slowly, and in the absence of complication, 
such as infection, is quite painless. Very occasionally the tumour 
has given rise to metastases in other bones. In exceptional cases 
tumours of this type have appeared to arise primarily in the 
tibia and other long bones. 

The tumour may be solid or cystic; it has a lobulated surface and 
thin walls. It causes enlargement of the alveolar border of the jaw, 
usually more on the outer than on the lingual aspect. From expansion 
and thinning of the bone, “egg-shell crackling” may be detected, 
and neighbouring teeth may be loosened and displaced. Large tumours 
in the upper jaw usually encroach upon the maxillary air sinus and 
may even extend to the orbit or to the naso-pharynx. Ulceration and 
infection within..^, j^llkiour may modify its appearance. 



Fig. 180. Large dental cyst. 
{Muieum oj Royal CoUege of Surgeont cf RdinSurgh.) 
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An enarnel-ccll tumour has an external bony wall enclosing a solid, 
or more often a cystic, growth. The cysts are multiple and are filled 
with yellow or reddish mucoid fluid; the walls of the cysts may be 
smooth or lined with papillary projections. The remainder of the 
tumour is composed of fibrous or of bony trabeculae in varying pro¬ 
portions. The solid parts of 
the tumour may resemble a 
carcinoma, and in some speci¬ 
mens the connective tissue un ¬ 
dergoes such overgrowth that 
it may resemble a sarcoma. 
Gritty particles of imperfectly 
formed enamel may be present. 

Microscopically, the epithe¬ 
lial elements in these tumours 
are very variable in form, and 
the appearances may differ in 
various parts of one tumour. 
Three types are described which, 
however, have not a sharp divid¬ 
ing line: (1) the squamous-cell 
type, which shows cords of 
squamous cells with intercellular 
fibrils and cell nests, and, in 
addition, isolated foci of colum¬ 
nar enamcloblasts; (2) the 

plexiform type, composed of 
convoluted columns of epithe¬ 
lium surrounded by a dense or cellular fibrous stroma; the epithelial 
(sells show no tendfency to flattening; (3) the glandular type, com¬ 
posed of (solumnar enamcloblasts, which may be arranged in many 
different ways. 

In all types the stroma may be dense—hyaline, myxomatous, or 
cellular. 

This type of odontome is believed to arise from cells of the primitive 
enamel organ, but by some it is considered to originate from the 
paradental epithelial ddbris. It is at least certain that it is of epithelial 
origin. 

(c) Dentigerous Cyst (Follicular odontome, odontoeele). This type 
occurs in young adults during or after the second dentition ; it is more 
common in the lower than in the upper jaw. At the site of the cyst a 
tooth, usually a canine, an incisor, or a premolar, is missing. The cyst 
grows slowly and causes a globular enlargement of the alveolus. 
Adjacent teeth may be loosened and displaced. Inside the cyst 
there is an uncrupted tooth which usually protrudes from the base 
of the cavity, but may lie free. The wall of the cyst is usually 
attaclied at the neck of the tooth, and the root of the tooth is loosely 
buried in the jaw. The cement, dentine, and the root of the tooth are 
generally very imperfectly developed. Squamous epithelium usually 
lines the cyst, but occasionally cubical epithelium is present. The 



Fig. 181. Fpitlielial odontome. The 
cells of basal type lining tlic cysts corre¬ 
spond to enameloblusts. They swell, 
beonie loosened towards the centre, and 
ultimately liciucfy, thus giving rise to 
cyst formation. 


ODONTOMA 405 

fluid in the cyst is glairy and contains cholcstcrin and broken-down 
epithelial cells. 

The origin of a dentigerous cyst is uneertain. It is generally 
supposed that it arises from dilatation of the dental follicle, but jus the 
tooth within the cyst lacks dental cuticle (Nasmyth’s membrane), it 
has been suggested that it arises 
from degenerative changes in 
the enamel organ at an early 
stage of its development. 

Composite Odontome 

This type of tumour pro¬ 
bably arises from disordered 
growth of the whole tooth 
germ, which results in an ir¬ 
regular conglomeration of dental 
tissues with little or no resem¬ 
blance to a tooth. It occurs Fiq. 182. l.cft half of aiandiblc of an adult 
in young subjects before the age showing a follicular odontome. The un- 

ot twenty-hve years and is 
almost always situated in the 

mandible. At the site of the tumour one or more teeth, especially the 
molars, are absent. 

The tumour is hard and irregular, and lies within the jaw ; it may 
erupt like a normal tooth and this may predispose to infection and lead 
to extrusion of the tumour. 

Another variety of composite odontome consists of Ji conglomeration 
of imperfectly developed teeth (denticles) surrounded by a fibrous 
capsule lined by squamous epithelium. The teeth show variable 
quantities of enamel, dentine, cement, and pulp. The dividing line 
between this type of cyst and a dentigerous cyst is not very definite. 

The mode of origin of a composite odontome is rather obscure. 
Some believe that it is due to misplacement of tooth follicles in 
early life, others that it is due to proliferjition of paradental epithelium 
(Malassez). Ewing considered that the absence of one or more teeth 
in this type of tumour indicates that all the primitive dental structures 
—epithelial and fibrous—are concerned in the production of the 
tumour, and that, when there are denticles, there has been 
an over-production of dental follicles. Ewing found it difficult to 
conceive these tumours as arising from paradental debris because of 
the orderly and active growth. 

Connective Tissue Odontome 

A fibrous odontome is exceedingly rare. It is probably not a tumour, 
but an overgrowth of fibrous tissue around an unerupted tooth. Rickets 
is believed to predispose to its development, as most examples have 
been found in children who have suffered from this disorder. 

Calcification and ossification may occur in the walls of a fibrous 
odontome giving rise to a cementoma. 
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DISEASES OF THE SALIVARY GLANDS 
Pyogenic Infections 

Acute pyogenic inflammation of the salivary glands is practically 
confined to the jparoti d and it usually terminates in suppuration— 
suppurative paroMw. The condition is most common in adulte as a 
complication after operation, but it may occur in acute febrile illnesses, 
'^especially,pneumonia and typhoid. It commonly occurs in .debilitated 
persons, and often heralds the fatal issue. The onset is usually sudden, 
with pain and swelling in one parotid gland, and the signs and symptoms 
of a severe infection. Not infrequently both parotid glands are afiected, 
simultaneously or in succession. 

.^Eltiology. Dryness and uncleanliness of the mouth and the dim¬ 
inished secretion of saliva with which these are associated are the most 
important predisposing factors. The dryness of the mouth is usually due 
to dehydration or to lack of the normal stimuli to salivation. Thus the 
disease very often complicates 0 perations on the abdomen in which fluid 
by the mouth has been greatly restricted. Infection reaches the gland by 
the salivary ducts, and the organisms usually present are^taphylococci 
an^pneumococci, less often streptococci and diptheroids.i<The absence of 
mucin from the saliva of the parotid gland is believed to favour infection^ 

Morbid Anatomy. The infection is multicentric and is charac¬ 
terized by multiple points of necrosis scattered throughout the gland ; 
later small focT of suppuration develop and eventually may become 
confluent, forming an abscess which may rupture externally. The 
early necrosis, comparable to that of a carbuncle, may be attributed 
partly to the • becrotoxic action of the common causative organism, 
staphylococcus aureus, and partly to the fact that the inflammatory 
A products are confined under tension within the dense parotid fascia. 
(The orifice of the parotid duct is swollen and red, and cloudy or purulent 
saliva may be expressed from it. In some cases the disease is very 
severe and is associated with cellulitis of the neck, head, and- face. For 
a long time the pus remains confined within the capsule; later it may 
burst through the fascia and rupture into the external auditory meatus 
or point below the angle of the jaw. In imtreated cases the pus may 
burrow into the retropharyngeal space or invade the temporo-mandi- 
bular joint. Both are rare occurrences.' 


Salivary Calculus—Sialolithiasis 

Calculi are most common in the duct of the submaxillary gland; 
they are much less common in the parotid duct, probably because the 
s^retion of the parotid gland is less viscid and poorer in salts. 

The calculus, which resembles dental tartar, is composed principally 
of the phosphate and carbonate of lii^, with a small percentage of 
organic m£tti». PrbbabljrOiey are formed as a result of Mectidn, and 
are due to the deposition of inorganic calcium salts upon^uclei consist¬ 
ing of mucus, degenerated epithelium and bacteria. On'rare occasions 
a foreigii body, such as a piece of straw, a fruit seed, or mycelia of 
actinomyces, may fpnn a nucleus for stone formationij 

A sahviEuy caipmtis is usua lly sing le, or ^y in colour, and 

slightly rough on the surface. It may be nb larger than si pea, but often 
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it is fusiform and about the size of a date stone. In the rhre cases in 
which two or more calculi are present they may become ebumated at 
their points of contact and appear to be fragments of a fractured stone. 

The chief effect of a salivary calculus is to cause/etention of salivarj' 
secretion,^d this is usually associated with periddic swelling and pain 
in the salivary gland, particularly at meal times, sometimes aggravated 
b y i nfection. If obsteuction becomes complete retention cysts may 
develop. AS a result of continued exacerbations of inflammation the 
''stone may lie in a bed of granulation tissue or of cicatricial tissue, and 
the indurated mass may be mistaken for a tumour of the floor of the 
mouth. In rare cases, the calculus erupts through the wall of the duct, 
and, in the case of the parotid, this may lead to an external fistula. 

In the submaxillary gland, multiple calculi occasionally are present 
. in the smaller ducts, and they may lead to chronic enlargement or to 
suppuration within the gland. 

Chronic Enlargement of the SaliVary Glands 

As a result of infection from the mouth, sometimes following a 
dental extraction, one of the salivary glands may become enlarged, 
swollen and tender. The parotid gland is usually affected, and, at first, 
the inflammation is mild and subsides. Recurrence of inflammation is 
usual, either at short, or long intervals, until finally the glandular 
enlargement persists and other groups of glands become involved. The 
affected gland is the seat of chronic inflammatory changes and its duct 
is dilated and the seat of exfoliation. Salivarj’’ secretion is reduced, its 
digestive properties impaired, and the infective character of the disease 
is borne out by the finding of leucocytes, epithelial casts and organisms 
in the turbid saliva from the affected gland. 

Lymphomatous Enlargement (Mikulicz Disease). This syndrome 
represents the final picture of a progressive disease, the earlier phases 
of which may not be identified so clearly. It generally affects adult 
males, and leads to great disfigurement. The secretion of saliva is 
reduced and dryness of the mouth (xerostomia) is complained of, and 
conjunctivitis and pharyngitis may co-exist. 

The lacrimal glands are enlarged first, and only later the salivary 
glands. The mucous glands in the tongue and cheek may also become 
enlarged. The extent of the affection varies in different cases, for it 
may be found that the lacrimal glands alone are involved, or that 
the salivary glands are affected in various degrees. The ajtiology of 
the glandular enlargement is unknown. No bacteria have been demon¬ 
strated, and thore is no evidence that it is due to infection from the 
mouth or the conjunctiva. Thare is a syphilitic history in a few, but 
it is probably no more than a coincidence. 

Histological examination shows that there is a generalized lympho¬ 
cytic infiltration, and there may be complete lymph follicles with germ 
centres. The glandular tissue is reduced in amount but shows no 
primary disease. 

Sometimes the condition is accompanied by either local or general 
hyperpl^ia of lymphoid tissue, and sometimes there is a relative or 
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actual increase of lymphocytes in the blood. In others, there is true 
leukaemia with enlargement of the spleen, etc. 

Uveo-parotitis. This is as yet an indeterminate entity, in which 
there is an association of inflammatory lesions of the uveal tract and of 
the parotid and sometimes other salivary glands. 

The enlargement of the parotid gland appears abruptly and may be 
attended l>y fever; it is either preceded, or followed by irido-cyclitis. 
In a large proportion of the eases unilateral or bilateral facial paralysis 
develops and persists for a variable time. There may be temporary 
paralysis of other nerves. In many cases skin crujJtions of a tuberculide 
type are present. 

The swelling of the affected salivary gland is firm, nodular and painless. 
It is the scat of fibrous tissue proliferation, and microscopically, in 
most cases, there is separation of the glandular acini as a result of 
infiltration by lymphocytes and giant-cell aggregations resembling 
tubercles. 

The jctiology of uveo-part)titis is obscure. Formerly it was regarded 
as tuberculous, but there is good reason to believt* that in many cases, 
if not all, it occurs as one of the manifestations of Koeck’s sarcoidosis 
(p. 260). 

The disease occurs most often in women, especially in the second 
and third decades. It pursues a chronic course, lasting for weeks or 
months. Recovery is generally complete, but there may be relapses. 
There may be residual ocular defects as a result of synechia and 
keratitis. 


Tumours of the Salivary Glands 

Tumours of the salivary glands usually occur in adults after the age 
of thirty years. Usually they grow slowly and remain localized ; less 
often they proceed rapidly and assume malignant characters. They 
may extend rapidly by infiltration and may metastasize to the lympli 
glands in the neck, though seldom by the blood stream. The parotid 
gland is affected in the majority of eases (90%), the submaxillary gland 
only rarely, and the sublingual gland still less often. Similar tumours 
may arise occasionally in the lips and cheek, the nares, the lacrimal 
gland, and the hard and soft palate. 

The common type of tumour has a mixed structure of cellular 
elements, myxomatous and fibrous tissue. It may be firm and hard and 
well encapsulcd, showing only slight tendency to recurrence after 
removal. The more cellular types arc softer and more diffuse, and may 
have a deficient capsule and show a greater inclination to recur after 
operation. 

Recurrence after removal is a special character of sahvary gland 
tumours, it takes place in at least 20 %, either soon after operation 
or m^y years later. (Jenerally recurring tumours are of the same 
structure as the original one and do not show any greater tendency to 
mali^lpcy. 

IR^logically, the most notable feature of the tumours is their 
mixed structure, and the great variability in different tumoun: has been 
responsible in the {fast for the catalogue of descriptive names applied to 
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them. It is more accurate to regard them as “ mixed tumours,” subject 
to variations in their cellular differentiation and the extent to which 
myxomatous tissue may be present. A typical example shows collec¬ 
tions of cells and myxomatous tissue enclosed within a well-developed 
fibrous capsule. The cells show various forms—spheroidal, cuboidal, 
spindle, or even squamous, with a small, darkly staining, angular nucleus. 
When myxpmatous tissue is 
present it lies in juxtaposition 
’to the cellular components, 
from which it is probably 
derived. More detailed exam¬ 
ination shows that in many 
parts of the tumour the cells 
are arranged in irregular 
masses or branching columns ; 
but usually there are vague 
or definite duct or alveolar 
formations suggesting a repro¬ 
duction of the normal gland 
structure. Thus, taking into 
account the common varia¬ 
tions from the standard 
pattern, there are types which 
may be regarded as an ade¬ 
noma, types, more cellular and 
with less differentiation, which 
might be classified as cither 
adeno-carcinoma or sarcoma. 

Mitosis and irregular prolifera¬ 
tion (rather than the cellularity 
of the tumour) form the 
most reliable criterion of 
malignancy. 

The origin of salivary gland 
tumours is an academic 
problem. Their common 
epithelial ancestry is sug¬ 
gested by the gradations in differentiation present in various examples ; 
in one there may be little but myxomatous tissue, in another well- 
formed tubule formations, and in many merely suggestions of genuine 
epithelial origin. 

A recurring controversy is that of the origin of myxomatous (or 
mucoid) tissue within the tumours. It has the appearance of cartilage in 
stained secretions, but more specific stains suggest it is due to degenera¬ 
tion or is a derivative of the cellular components (or possibly the stroma), 
rather than an accidental inclusion such as would suggest a branchio- 
genetic sequestration in the territory of the salivary glands. Suc|||^ucoid 
tissue is not uncommon in other tumours, e.g., sebaceous adenomata and 
tumours of the testis, and can be interpreted, as in these examples, 
as a cellular by-product rather than an independent tissue formation. 



Fio. ISa. Mixed tumour of the parotid 
gland. The eells are arranged irregularly, 
l)ut in ])Iaces there is evidence of tubule 
formation. A large amount of mucoid 
tissue lies bclwccn the masses of epithelial 
cells. 

{Laboratory of Royal College of Phyeiciant of Edinburgh.) 
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Adenolymphoma of fhe Salivary Glands 

This rare tumour occurs in late adult life, especially in tlw parotid 
gland in the preauricular region or at the angle of the mandible. It is a 
simple readily enucleable tumour seldom reaching a size greater than a 
walnut. It may be solid but is more often cystic and contains mucoid 
or turbid fluid. Microscopically it consists of columnar epithelium 
supported by a lymphoid stroma with active germ centres. The solid 
portions of the tumour may be competed of gland acini. 

It is believed that the tumour is derived from ectopic salivary gland” 
epithelium within lymphoid tissue. 

BRANCHIAL CYSTS AND FISTULiE 

A branchial cyst is of developmental origin and takes origin from 
persisting renmants of the cervical sinus—^the ectoderm-lined space 
which is formed by the Second branchial arch as it overgrows the more 
cai^al arches. 

branchial cyst forms a rounded tense swelling below and behind 
the‘angle of the jaw; it usually occurs in early adult life and is often 
mistaken for a tuberculous gland. The cyst has fibrous walls and is 
seldom larger than a golf ball; it lies deep to the cervical fascia and is 
partly covered by the sterno-mastoid muscle. It is in contact with 
the carotid sheath, and a prolongation of the cyst may bulge between 
the internal and the external carotid artery; usually the accessory 
nerve is immediately posterior to the upper part of the cyst. The 
lining membrane of a branchial cyst is squamous epithelium, which 
generally shows keratinization; a variable amount of lymphoid 
tissue is usually present in and around the cyst wall. The contents 
consist of glairy, mucoid fluid which generally holds in suspension a 
large number of cholesterol crystals and desquamated epithelium. The 
discovery of cholesterol crystals on aspiration of the cyst is a valuable 
diagnostic sign. 

The cyst may be the seat of recurrent attacks of inflammation,* and 
in rare instances suppuration occurs. A persistent sinus may result 
from incision of the cyst. It is doubtful if a carcinomatous change ever 
occurs in the lining epithelium. 

, In rare instances a small deeply seated cyst is found at autopsy 
attached to the external surface of the pharynx. This variety of cyst is 
lined by columnar epithelium, which may be ciliated. The cyst rarely 
gives rise to signs or symptoms unless it becomes infected ; it is believed 
to originate from the mucous membrane of one of the primitive pharyn¬ 
geal clefts. 

A branchied fistula or lateral Jistvla of the neck is a blind track 
which extends upwards from the skin surface of the neck deeply 
towaxdsitbe pharynx. The orifice of the sinus is usually situated at the 
anterior boiler of the stemo-mastoid muscle about 4 to 6 cm. above 
the stdno-clavicular joint. The sinus may remain permanently open 
and discharge a little serous fluid, or it may be closed for long periods. 

The fistulous tract forms a cord-like structure with a small, slightly 
tortuous, irregular lumtm. It is, lined with several layers of columnar 
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epithelium which is generally ciliated, but sometimes shows squamous 
metaplasia. A large amount of lymphoid tissue is present in its walls. 
When traced upwards the fistula is found to sink gradually through the 
superficial fascia and the platysma, and at the upper border of the 
thyroid cartilage it pierces the deep faseia. In its further course it lies 
superficial to the internal carotid artery and the glosso-pharyngeal 
nerve, but deep to the lingua), occipital, and external carotid arteries. 
It is crossed by the hypoglossal nerve and the stylomandibular ligament. 
The fistulous tract ends in the region of the supratonsillar fossa. It is 
believed that originally a membrane separated the fistula from the 
pharynx. In cases seen surgically, however, the fistula may communicate 
with the pharynx. 

A branchial fistula is generally regarded as due to persistence of the 
cervical sinus, the ectoderm-lined track corresponding to the second 
branchial cleft. This view fails to account for the character of the lining 
membrane of the fistula, which is usually of ciliated columnar character. 
An alternative theory, which seems more plausible, attributes the fistola 
to persistence of the thymo-pharyngeal duct. ; 

Branchiogenetic carcinoma has been described. The tumour is a 
squamous-cell carcinoma of horny type, very hard and indurated, 
and sometimes partly cystic. It arises deeply in the neck, in close 
relation to the carotid vessels, and infiltrates widely at an early stage. 
The microscopic appearance of such tumours is very diverse and the 
cells may resemble those of a carcinoma or of a sarcoma ; most often 
they are “ prickle cell ” type. A feature which is generally held to 
signify the branchiogenetic origin of the tumour is the layer of lympho- 
c 3 rtic tissue which encaspules the tumour. Nodules of cartilage may 
occur in the tumour. 

While this is the description applied to branchiogenetic carcinoma, 
it must be emphasized that the branchial origin of such tumours is 
difficult of proof. In some cases, doubtless, tumours of this character 
are actually secondary growths, from a primary focus in the nose, 
pharynx, Eustachian tube, larynx, accessory air sinuses or thyroid 
gland. 


TUMOURS OF THE CAROTID BODY (Paraganglioma: PeritheUoma) 

The carotid body is situated either in the bifurcation of the common 
carotid artery or on the posterior surface of the internal carotid artery. 
It is developed from embryonic ganglion cells of the s 3 irmpathetic 
nervous system. Normally, it is composed of polyhedral cells collected 
into spherical clumps or nodules. Some of the cells stain dark brown 
with chromic acid (chromophil), like those of the suprarenal medulla, 
but they do not contain adrenalin. The gland normally contains a 
few nerve ganglia and non-medullated nerve fibres. It is very vascular 
and is supplied by a special arteriole and venule. 

Tumours of the carotid body are rare. They appear most often 
about puberty and give rise to a protruding swelling in the heck. 

The tumour may attain the size of a hen*8 egg. It may be firm 
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or soft, and is sometimes pulsatile, and in many cases the surface is 
covered by numerous large, tortuous vessels. A definite capsule is 
usually j)rcsent, from which septa pass to the inside of the tumour. 
The cut surface has a spongy, pink or greyish-red appearance, and 
there is often evidence of haemorrhage. From their shape, lobulation, 
and greyish surface such tumours have been called “ potato tumours.” 

The growth applies 
itself closely to the 
carotid vessels, which 
often become incor¬ 
porated in the tumour 
or may even be com¬ 
pressed by it. Owing 
to its fixation to the 
vessels the tumour is 
movable laterally but 
not vertically. 

Microscopically, the 
tumour shows very 
variable features, and 
it has therefore been 
found difficult to devise 
a satisfactory patho¬ 
logical designation for 
it. The common ap¬ 
pearance, in the more 
iliffercntiated parts of 
the tumour, is that of 
masses of polyhedral 
granular cells arranged in whorls around blood vessels, and nerve twigs 
are often incorporated within the cell bundles. Chromaffin may be 
evident in the cells. The blood vessels, in the form of sinusoids, may be 
very numeroiis and give the tumour a hajinangiomatous appearance. 
There is evidence, on histological grounds, that the tumour is akin to 
the glomus tumour of the skin and the neuroblastomas of the sympa¬ 
thetic nervous system. 

The majority of carotid body tumours are innocent and grow very 
slowly. But in a few instances, after persisting for many years they 
may suddenly show rajnd growth with features of malignancy, so that 
at operation definite evidence of infiltration of the large blood vessels, the 
pharynx, and other neighbouring structures ^ay be found. Metastases 
may arise in the lymph glands, bu^. distant metastases do not 
occur. 

From the surgical point of view it is found that the tumour may be 
thelled out in a few cases. But in others, on account of adhesion to 
the carotid artery, jugular vein, and large nerves, it may be necessary 
to sacrifice parts of these structures. It is for this reason that the 
operative treatment of carotid body tumours is often a serious under¬ 
taking. "fhe mortality rate is about 80%, and this is accounted for by 
cerebral oedema, following on ligature of the carotid vessels. 



Kio. 18 k (Uirotid body tumour. The cells arc 
large and clear and are in solid alveoli. 
(Laboratory of Royal College of rhysteiane of Kdinburgh.) 
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CHAPTER XIX 

DISEASES OF THE THYROID GLAND 
ANATOMY AND PHYSIOLOGY 

The normal thyroid gland is pale pink in colour, of soft consistency, 
and smooth or slightly uneven on the surface; it is enclosed in the 
pretracheal layer of the cervical fascia. The cut surface is greyish-red 
. and glistens slightly from the colloid material it contains. 

The gland is divided into lobules by a connective-tissue stroma 
derived from intrusions of its areolar capsule. Each lobule contains a 
number of acini or gland follicles. The acini vary in diameter and are 
spherical or polyhedral and lined with a single layer of low columnar 
epithelium. The cells have no basement membrane and rest directly 
on a stratum of areolar tissue, in which lie numerous blood vessels and 
lymph channels ; the finer vessels are of sinusoidal character and lie 
in contact with the vesicular epithelium. Adjacent to some of the 
acini there are groups of spheroidal cells whose function is probably to 
replace effete vesicles. Lymphocytes are present in the interstices of 
the gland and aggregations of them may be a prominent feature. 

The acini are filled with an iodine-containing viscous fluid— colloid — 
which stains a bright pink with eosin. The colloid is regarded as the 
specific secretion of the thyroid cells, and the amount in the vesicles 
varies inversely with the activity of the gland. Generally it may be 
assumed that an excessive accumulation denotes inactivity on the 
part of the gland (sU>ra^e phase), and diminution signifies activity of the 
gland {secretory phase). 

The appearance of the vesicles varies with the state of activity of the 
thyroid. The resting vesicle is distended with colloid; the cells are 
cubical; the protoplasm of the cells and of the central^ placed nucleus 
stains rather faintly and shows few granules. The active vesicle is 
irregular in shape and is collapsed ; colloid is absent or present only in 
small amount and is more fluid; the cells are larger and tend to be 
columnar; their nuclei are larger and placed peripherally, and the 
granules stain more deeply. 

The thyroid gland has the special property of abstracting iodine 
from the blood. Normally the iodine content amounts to 0 01 to 
1-15% of the dried weight of the gland—amounts in striking contrast 
to 0 001 %. the maximum for any other tissue. The avidity of the 
gland for iodine is illustrated by the experiments of Marine and Rogoff, 
who showed that in dogs intravenous injection of 50 mgm. of potassium 
iodide increased the iodine content by several hu?idred per cent, in 
five minutes. 

Iodine is utilized by the thyroid gland in the elaboration of its 
specific hormone— thyroadn. Thyroxin was first isolated &om the gland 
by ICendall in 1915 and was prepared synthetically by Harrington in 
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1927. Various forms of thyroxin have subsequently been identified, 
but the exact constitution of the natural secretion is not finally 
settled; but the most recent investigations suggest that it may be a 
compound of optically-aetive thyroxin and a jxilypeptide, derived 
ultimately from iodine, tyrosine, and an intermediate product, di- 
iodotyrosine. 

Thyroid extract fed to tadpoles leads to increase in size and rapid 
metamorphosis, and use is made of this phenomenon in the Gudernatsch 
test for determination of the quantity of active secretion in thyroid 
tissue. In human beings administration of thyroid extract gives rise 
to tachycardia, flushing of the skin and an increased metabolic rate, 
but the most conspicuous signs of pathological thyrotoxicosis, viz., 
exophthalmos, tremor and dilatation of the pupil, do not occur. But, 

' recently it has been shown that if thyroid extract is given with drugs 
such as ephedrine, which stimulates the sympathetic nervous system, 
exophthalmos develops. 

There is a close relationship between the thyroid and the anterior 
lobe of the pituitary gland. Removal of the anterior lobe of the pitui¬ 
tary is followed by partial atrophy of the thyroid, and, conversely, pro¬ 
longed administration of pituitary extracts leads to hyperplasia of the 
thyroid, Th 3 npoidectomy is followed by hypertrophy of the anterior 
lobe of the pituitary. 

It is now known that the anterior lobe of the pituitary contains a 
specific thyroid-stimulating hormone, which, even in vitro, affects its 
cells. Confirmation of the stimulatory action of the pituitary is 
evidenced by animal experiment {e.g., in ducks), in which continued 
injections of extracts produce massive hypertrophy of the thyroid 
accompanied by exophthalmos. 

CLASSIFICATION OF DISEASES OF THE THYROID GLAND 

It is barely possible in the present state of our knowledge to formu¬ 
late a comprehensive classification of thyroid diseases either on an 
aetiological basis or on the deviations from the normal histology or 
physiology. But the conceptions of the pathology have been greatly 
simplified since the importance of iodine deficiency as a causative 
factor in simple goitre has been recognized and since the essential unity 
of the toxic forms has been appreciated. Nevertheless, it is usually very 
difficult to correlate the functional disturbance of thjToid disorders 
with structural abnormality of the gland. 

The various clinical conditions can be considered conveniently 
under the following headings : (1) congenital abnormalities; (2) acute 
and chronic thyroiditis, including lymphadenoid goitre (struma 
lymphomatosa), and ligneous thyroiditis (Riedel’s struma); (8) Simple 
goitre, (a) parenchymatous, (6) diffuse colloid, (c) adenomatous; 
(4) goitre with thyrotoxicosis (toxic goitre), (a) primary (exophthalmic 
goitre), (6) secondary (toxic adenoma); (5) tumours. 

CONGENITAL ABNORMAUTIES 

The thyroid gland is developed as eurly as the third week (1*5 mm. 
embryo) as a median outgrowth of the ehtodermal lining of the door of 
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the pharynx. The bud as it elongates becomes hollow and its end 
globular. Evidence of a bilobed structure can be found in a 5-mm. 
embryo. The connexion of the stalk (now solid) with the pharynx is lost 
in the 7-mm. embryo, and the separation may occur near the pharynx 
or more caudally. Separation near the pharynx is believed to favour 
persistenee of a pyramidal lobe or a thyroglossal duct, whereas detach¬ 
ment at a lower level may account for the development of a lingual 
thyroid rest or a suprahyoid cyst. 

Descent of the thyroid gland is probably determined by the caudad 
, movement of the primitive heart and its aortse and abnormal evolutions 
of these structures may lead to ectopia of the thyroid or aberrant glands. 

A lingual thyroid may be associated with absence of the thyroid 
gland in the neck (about 10%), or it may be a supernumerary gland. 
It is situated in the median raphe beneath the mucous membrane at 
the base of the tongue. It is yellowish-red, like a cherry, and is 
generally sessile, but is occasionally pedunculated. Large and dilated 
vessels may traverse its surface. 

The swelling at the back of the tongue may attract attention in 
childhood on accourit of dysphagia or respiratory obstruction, but more 
often it remains unnoticed until puberty or pregnancy, when, from 
■ increased vascularity, hseinorrhuge, or degeneration, it increases in 

size. Rarely, malignant change 
occurs. 

Aberrant and Accessory Thy¬ 
roids. Nodules of thyroid tissue, 
single or multiple, and of varying 
size, may occur in the line of the 
pyramidal process. They may 
constitute the entire thyroid or 
be supernumerary glands. Similar 
nodules may be present in prox¬ 
imity to the inferior extremity of 
the gland or, in rare instances, in 
the mediastinum, or even em¬ 
bedded in the trachea. 

More commonly outlying and 
Fig. 18.",. Diagram of lingua) thyroid, separate nodules of thyroid tissue 
surgery, VnivereityojE4i,^rgn.) anterior Or posterior 

triangles of the neck on one or on both sides. They may undergo 
enlargement either alone or in conjunction with the normally placed 
thyroid. The origin of such laterally placed portions of thyroid is not 
understood, but it is conceded that they are specially prone to malig¬ 
nancy, resulting in a papilliferous type of carcinoma. Their dark 
colour may suggest a melanotic tumour. There is evidence that some 
such outlying nodules are not of developmental origin, but are the result 
of metastasis to glands from an inconspicuous papilliferous carcinoma 
of the thyroid. Supporting evidence is the constancy of the lymphoid 
capsule the tumours retain and the occasional presence of papilliferous 
changes within the thyroid gland. 

Thyro^ossal Cysts and Fistulas. A cyst may occur at any point 
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in the 'course of the thyroglossal tract, from tlie ibramen csecum to 
tb 6 isthmus of the thyroid gland, or c^ cii as low down as tlie supra¬ 
sternal notch. Very occasionally the cysts arc multiple. Remnants 
of the th3rroglossal tract are rare above the hyt)id, and therefore cysts 
are correspondingly uncommon in that situation ; but, below the 
hyoid bone, remnants of the tract are often present and cyst formation 
Is consequently fairly common. When the infraliyoid part of the tract 
is complete it extends in tlie middle line or slightly to one side of it 
from the isthmus of the thyroid gland to the hyoid bone, behind which 
it is usually enfolded. 

A thyroglossal cyst may be present at birth, but in the majority of 
cases it first appears in childhood or in early adult life. The cyst, which 
varies in size from a pea to a walnut, forms a rounded, tense swelling 
'in the middle line or slightly to one side of the neck. Most commonly 
the cyst lies immediately below the hyoid bone, but it may be as low 
as the cricoid cartilage or even the suprasternal notch. Much more 
rarely the cyst is situated above the hyoid bone and, in that sitriation, 
it may bulge into the substance of the tongue or even irdo the floor of 
the mouth, as well as beneath the chin. The cyst is thin walled and 
contains clear, glairy or mucoid fluid; occasionally the contents are 
dark from cholesterol crystals or altered blood. The cyst is lined with * 
stratified columnar, cubical, or squamous epithelium in varying propor¬ 
tions ; in a few the epithelium is purely squamous or columnar and 
oiliated. Small islets of thyroid tissue may be present in the wall of 
the cyst. In many cases a considerable amount of lymphoid tissue 
surrounds the cyst and predisposes it to infection. Frequently a 
narrow fibrous band extends from the wall of the cyst to the posterior 
and inferior part of the body of the hyoid bone, and sometimes this 
prolongation may actually traverse the bone, or it may pass in front 
of the hyoid and extend to the base of the tongue. 

A thyroglossal cyst is very liable to become inflamed, especially 
after an attack of pharyngitis, and if suppuration occurs the cyst may 
rupture and form a fistulous opening in the neck —thyroglossal fistula 
or median fistula of the neck. In other instances a fistula results from 
aspiration or from incomplete removal of the cyst. The fistula is very 
persistent and discharges glairy fluid or pus continuously or inter¬ 
mittently. Usually a firm cord of tissue can be felt passing from the 
fistula towards the hyoid bone; and as a result of fibrosis and contracture 
of the cord, the skin surrounding the orifice is pulled upon and forms a 
crescentic fold. 

Surgically, th3m)glossal cysts and fistulae, on account of their 
ramifications, require specially planned operations for their eradication. 
As the prolongation of the cyst or fistula is often attached to the hyoid 
bone or extends towards the base of the tongue, it is usually necessary 
to remove a portion of the bone and to excise a tubular portion 
of the median fibrous raphe of the genio-hyoid muscles. 

ACUTE THYROIDITIS 

Acute thyroiditis is rare in healthy thyroid glands, but is not 
uncommon in goitrous ones. It may.oomr as a complication of typhoid 
a vAsa 
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fever, dipbtlieria, erysipelas, and a number of eases have followed acute 
respiratory diseases, especially those associated with influt'nza. One 
or both lobes of the ^huid may be affei'ted. The inflammatory process 
usually subsides, but sujjpuration may occur jmd the resulting abscess 
may burrow into tla* a’sophagus, the trachea, or the mediastinum. 

In rare instances suppuration in the thyroid gland follows per¬ 
foration of the oesophagus or the trachea by a sharp foreign body. A 
carcinoma of the pharynx or of the oesophagus may invade the thyroid 
gland and lead to suppuration. 

CHRONIC THYROIDITIS 

Tuberculous Thyroiditis. Tii})er(!idosis of the thyroid ghmd is very 
rare. It is secondary to tuberculosis elsewhere in the body, and it may 
affect a healthy gland or an adenomatous one. It may occur in one of 
three forms : (1) miliary^ which is similar to miliary tuberculosis of other 
organs ; (2) caseous, an uncommon form, sometimes associated with 
tTibereulous lymphadenitis ; and (8) sclerosing, in which one lobe or the 
entire gland is the seat of extensive fibrosis, and is very hard, elastic, 
yellowisJi-white, and fixed to surrounding structures. 

Syphilitic Thyroiditis. Syjihilis of tlie thyroid is rare. It may 
occur in inheriteil syjihilis and it develops usually in early adult life. 
It may occur also in acquired syphilis. 

In syphilitic thyroiditis the gland is moderately enlarged and is 
diffusely infiltrated by fibrous tissue. It is usually slightly nodular 
and extremely hard, and as the thyroid often adhcri's to surrounding 
structures, rescniblanee to malignant, disease* may be very close. In 
many eases symptoms referable to pressure on the trachea are present 
and may become urgent. 

Microscopically, the gland shows a diffuse infiltration by fibroblasts, 
giant cells and lyin])hocyt(*s which replace the tubules. The arteries 
show endarteritis, and there is regeneration of blood vessels. 

Lymphadenoid Goitre : Struma Lymphomatosa (Hashimoto's disease) 

This non-speeilic form of goitre was first described in 1912 by 
llashimoto. It possesses charaiiteristie pathological features which 
class it as a distin<*t form of thyroid abnormality. 

It occurs almost exclusively in women over forty-five years of age, 
and frequently culminates in myxoedema, though in rare instances 
toxic features may appear. The* thyroid gland is moderately and 
uniformly enlarged, smooth and firm, and when cut is pale pink or 
yellow in colour. Evt-rywhere there is an increase of fibrous tissue 
leading to exaggeration of the normal lobulation. Colloid containing 
tissue is absent. Microscopically, the characteristic feature is the 
uniform and widespread infiltration with lymphocytes, together with 
many“]gferm follicles, which replace and distort the glandular tissue. 
In the later stages there may be extensive fibrosis, but it does not 
extend to the extra-glandular structures. 

The pathogenesis of this variety of goitre is obscure. McCarrison 
rei>roduced a similar type m rats by feeding them a deficiency diet. 
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However, in man there is little evidence that deficiencies in dietary are 
responsible for the disease. 

Attempts have been made to establish a relationship between 
lymphadenoid goitre and ligneous thyroiditis, but it has not been 
substantiated on either clinical or pathological grounds. 

Ligneous Thyroiditis. (Woody Thyroiditis ; Riedel’s struma) 

This rare form of thyroid affection was first described in 1896 by 
Riedel, who summed up its main features as “ a chronic inflammation 
of the gland leading to the formation of an iron-hard tumour.” From 
the surgical point of view the disease is of importance because of its 
simulation of carcinoma. 

The most conspicuous feature is a painless enlargement of the 
thyroid, which is densely hard. The gland is adherent to the trachea 
aiui other structures of the neck, and pressure synii)tonis are 
generally severe and arc out of proportion to the de'gree of enlarge¬ 
ment. Women arc more often affected than men, and usually the 
disease is not associated with either hypothyixiidism or hyperthy¬ 
roidism. The regional lymph glands arc nol. enlarged. Spontatu'ous 
retrogression of the disease has been reported, and retrogression has 
also been known to occur after removal of part of the gland or after 
exposure to ratlium. 

Pathology. The aj)pearanee of the tliyroi<l gland and its relatioushij) 
tt> surrounding slruetures vanes according to the duration (d‘ the 
disease. In the early stage it is 
enlarged irregularly and asymme¬ 
trically. Its surface may be 
smooth or nodular, and the 
gland is extrenicly hard, so that 
a sensation of iron-hardness is 
imparted when an attempt is 
made U> cut it. I'hc cut surface 
may show thick grey hyaline 
bands of fibrous tissue which 
intersect the gland. The gland 
is usually adherent to its fascial 
capsule, and, at a later stage, 
may be tightly bound to the 
muscles, trachea, and the carotid 
sheaths. In the advanced stages, 
tough, leathery bands of infil¬ 
trating connective tissue may 
extend from the gland, and often 
they reach the mediastinum or 
the base of the skull so that 
it may be difficult to n'cog- 
nize individual structures. The 
skin usually escapes, but in some 
instances it is adherent and may be uloe^ted. 

The chief histological change is the /overgrowth of adult fibrous 



Fio. 18«. I,Igneous thyroiditis. X 53. 
Tile glsind is oxtensiwly iiililtmlwJ with 
librous tissue (‘oiitaining many lynipho- 
cytes. 

tDeptatment of P<i*liirltig)/, finisertilg of Oli$*goic.) 
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tissue often extensively hyalinized. Little of the parenehyraa of the 
gland survives in the zones of fibrosis, but normal tissue is usually 



Fio. 187. Ligneous thyroiditis. x 150. Hyper¬ 
plastic thyroid cells, showing no iicinar arrangement, 
are separated by fibrous tissue containing many 
lymphocytes. 

present at. the periphery. liymphocytic infiltration or aggregations of 
follicles are lacking. 

The cause of these remarkable replacement changes in the thyroid 
is not known. Neither syphilis nor tuberculosis plays a part. There 
is no evidence that the condition represents an involuntary stage of a 
single or lymphomatous goitre. 

SIMPLE GOITRE 

.^tiolo^. The importance of iodine deficiency in the production 
of endemic goitre is fully appreciated. But recent researches have 
brought to notice other and equally important accessory factors which 
may favour its occurrence : they arc known as goitrogenic agents. 

Iodine deficiency may be due to lack of iodine in drinking water, in 
the soil or in foodstuff borne by it. Probably in many instances intake 
of iodine is adequate, but its utilization is disturbed by alimentary or 
constitutional abnormalities. However important iodine deprivation 
may seem in goitre areas, there is not sufficient evidence to prove that 
it bears an inverse ratio to the incidence of the disease. It is more 
likely that deficiency of iodine renders the metabolic processes more 
susceptible to the ^ion of additional goitrogenic agents. In brief, 
iodine may determine endemicity, superimposed factors (so-called 
goitrogenic agents) its incidence. 
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Goihrogenic agents include (1) insanitary conditions, (2) faulty diet, 
(8) chemical substances. 

(1) Insanitary conditions which permit of eontaiiiination of food and 

drinking water by human and animal excreta have been proved to be 
fruitful predisposing causes of goitre in localities where the iodine con¬ 
tent in the soil is low and the diet faulty. Provision of a purified water 
supply about a notable reduction in the incidence of goitre in 

such r^ions. 

(2) Faulty diet may give rise to goitre in animals under experimental 
conditions, and presumably may have the same effect in man. The 
most important agencies are (a) excess of fats, fatty acids and lime, 
(6) deficiency of iodine, vitamin A, vitamin C, and protein (in associa¬ 
tion with vitamin A deficiency), (c) the presence in the diet of certain 
'substances, such as cyanogen compounds, found in cabbages. The 
iodine content of fresh foodstuffs varies greatly in different localities. 
The minimum requirement of iodine for iidults is said to be about 
15 mg. per day, but lesser amounts may be adeijuate provided positive 
goitrogenic agents are eliminated. 

(8) Chemical substances have been shown to be goitrogenic in 
animals. The best known are calcium, boron, silica, organic acids and 
cyanides. Cyanides 


apparently act by 
depressing tissue oxida¬ 
tion, with consequent 
greater thyroxine re¬ 
quirement and an 
increased iodine supply 
to meet its produc¬ 
tion. 

Prophylaxis of 
Goitre. Striking evi¬ 
dence of the importance 
of iodine in the preven¬ 
tion of goitre is afforded 
by statistics from goitre 
regions following upon 
the practice of supply¬ 
ing tablets containing 
iodine to school chil¬ 



dren. The disease is 
not eliminated entirely, 
but its incidence is 
greatly diminished and 
is likely to be still 
more so if all known 


Fio. 188. Photomicrograph of colloid goitre. Note 
the enlar^ment of the acini due to excessive 
accumulation of colloid, and the flattening of 
their epithelial lining. 

{Laboralory of Royal College of PhytieSane of Edinburgh.) 

goitrogenic factors are excluded. 


Varieties of Sinqile Goitre 

Parenchymatous (Chronic Hypexte^c) Goitre. This variety of 
goitre is uncommon in Great Britalru vJt is a type more common in 
mountainous regions such as the Aljis; and Himalayas, and usually 
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develops about puberty, although it may be congenital. It is the out¬ 
come of continued strain upon tlie resources of the gland. The thyroid 
Is moderately enlarged, pale in colour, and fleshy like other hyperplastic 
goitres. Microscopically, the follicles are increased in number, and are ! 
small and lined with cubical or low columnar cells; there is little or * 
no colloid, the iodine content is greatly reduced. The appearances of 
the gland are comparable to those which follow subtotal thyroidectomy 
in animals. Constitutionally, evidence of slight hypothyroidism is often 
present. * 

Simple Colloid Goitre. This condition may occur sporadically or 
endemically, and is the type met with in lowland regions in Great 
Britain. It is more common in women than in men and usually begins 
in early adult life. It is the type of goitre which occurs, usually 
temporarily, in adolescence or during pregnancy. In endemic areas 
it is usually succeeded finally by adenomatous changes, usually betwt'cn 
thirty to fifty years of age. The disease is characterized by an excessive 
storage of colloid in the acini, suggesting that a previously hyperplastic 
gland had involuted beyond the normal limits. The actiological factors 
which determine the excessive storage of colloid are not fully under¬ 
stood, but probably excessive intake of calcium and phosphorus relative 
to iodine is an iiyip()rtant underlying cause. 

Morbid Anatomy. The tliyroid is uniformly and diffusely enlarged and 
of soft consistency. The cut surface presents a fine honeycomb appear¬ 
ance and is studded with glisttaiing colloid t»f clear or amber colour. 
The blood vessels show commensurate enlargement and the fibrous 
stroma is increased in amount. The iodine content per unit weight 
is diminished, but the total amount in the gland may exceed normal. 

Microscopically, there are areas that look normal, but in most places 
the acini are widely dilated and are filled with deeply staining colloid, 
and the lining epithelium is flattened. Areas of active hyperplasia are 
usually scanty, but may be numerous. The general appearances suggest 
that the gland has been subjected to the effects of alternating periods 
of iodine sufficiency and iodine want. 

Various secondary changes, such as haemorrhage and the formation 
of large colloid cysts, are common; and, after the age of twenty years, 
adenomatous changes usually develop. 

Diffuse colloid goitre tnay give rise fo no other complaint than 
disfigurement, but in long-standing cases neighbouring structures may 
be subjected to pressure. Occasionally there are features of slight 
hypothyroidism. 

Adenomatous or Nodular Goitre. This is the commonest variety of 
goitre. It occurs sporadically or endemically, and its incidence is low 
in early life but increases with age. In non-goitrous areas about 
10% to 15% of thyroid glands examined at autopsy display either 
macroscopic or microscopic evidence of adenomatous changes. 

Formerly the nodular masses characteristic of this type of goitre 
were regarded as innocent tunioui-s, but they are now believed to 
represent circumscribed areas of involution developed in a hyperplastic 
gland. They have their counterpart in chronic lobular mastitis and in 
some types of cirrhosis of the liver. 
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The mode of origin of the adenomatous masses is probably as 
follows : In the process of involution subsequent to hyperplasia the 
restoration to normal is not necessarily unifoiin ; some parts may 
remain in a state of hyperplasia, others may in''olute eomplelely, and 
others may undergo excessive involution. When the involutionary 
changes are confined to individual lobules and the rest of the gland 
remains either temporarily or permanently in a state of hyperjilasia 
the colldid filled vesicles of the involuted portions rif gland become 
demarcated from the rest, and this segregation may become more 
pronounced by the condensation and overgrowth of fibrous septa which 
afford an adventitious capsule for the nodules. In a somewhat similar 
manner persisting areas of hyperplasia may become delineated from 
, the rest of the gland resulting in a more solid type of adenoma. Such 
a cycle of changes in the thyroid gland may be evolved rapidly or may 
occupy many years, and as an outcome, the histological a})pearances 
may be very complicated. For example, in one gland there may be 
areas typical of colloid 
goitre, of adenomatous 
goitre, and of all grades 
of hyperplasia. 

Morbid Anatomy. 

The appearances of the 
thyroid are extremely 
varied. Sometimes there 
is a single adenoma, but 
more often the t,umours 
are numerous and 
scattered throughout one 
or both lobes, and, as a 
result, the gland may be 
greatly enlarged. An in¬ 
dividual adenoma may 
be no larger than a pea 
or it may be as large as an orange. It has usually a well-formed 
capsule, and if single it can be enucleated. On section it may have a 
gelatinous or amber appearance, or it may be firm, greyish-yellow and 
elastic. 

A th> roid adenoma of whatever type is very liable to complications. 
A solid adenoma may undergo necrosis ; a colloid adenoma frequently 
becomes cystic. The cyst contents are often chocolate coloured from 
extravasated blood, and cholesterol crystals may be present. Hjemor- 
rhage into an adenoma is a fairly frequent occurrence; it may lead 
to sudden enlargement of the adenoma and may therefore simulate 
acute thyroiditis or even malignant disease. Calcification may occur 
in the capsule or septa of an adenoma or within its partly neorotic 
contents. 

Microscopically, it is customary to distinguish two types of ade¬ 
noma, the colloid and the foeUd. The colloid type is composed of 
large colloid-filled acini, occasionally interspersed with islets of 
hyperplasia. The capsule is usually formed and the surrounding 



Kic. 18U. Adenoniu of iliymkl gland : the 
tumour has been bisected. 

(Ikpartnient of Surgery, IJinrernity of Edinburgh.) 
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acini are compressed. The remainder of tfie gland may be normal or 
it may show diffuse or patchy hyperplasia. In the foetal type, which is 



(Deptirtment of Pathology, University of Olasgow.) 


usually single, the acinar structure is seldom obvious, the cells arc usually 
cuboidal or spheroidal with large dark staining nuclei and are arranged 
compactly or in strands or columns. Colloid is seldom present in large 
quantity. 


TOXIC GOITRE 

During recent years there has been a tendency to unification in 
the classification of the various types of toxic goitre, and for descrip¬ 
tive purposes it is convenient to divide cases iiilo two fairly well-defined 
groups: (1) primary (exophthalmic goitre, primary Graves’ disease), 
and (2) secondary (toxic adenoma). 

The term primary toxic goitre signifies that toxic features have 
developed while the thyroid gland is healthy and capable of very 
prolific activity; whereas the designation secondary toxic goitre is 
applied to those eases in which toxic features develop in connexion with 
a gland whose activity is altered by disease, either thyroiditis, colloid 
.goitre, or adenomatous goitre. It should be borne in mind that the 
difference between the two types is one of degree rather than of kind 
and that all gradations between them may be recognized. In short, 
toxic goitre (which includes both forms) is a single disease, and its 
manifestations in different cases are m^ly modified according to the 
condition of the thyroid gland when the particular stimuli to activity 
are imposed upon it, and to a less extent according to the age and the 
constitutiem of the patient. In the sex incidence of thyro¬ 

toxicosis is abont eight females to ohc male. 
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.etiology. Until other evidence is forthcoming the thyroid gland 
itself must be regarded as the primary source of toxic activity. There 
is no proof that the excessive secretion it produces is different from’ the 
normal. Many attempts have been made to ineriminate other endocrine 
glands in the initiation of the disease and in the final manifestations in 


various systems of the body. 
An exceasive output of thyro¬ 
tropic hormone from the 
pituitary gland has been held 
responsible but the evidence 
is not yet complete. 

The predisposing causes of 
. toxic goitre are fairly well 
known. Primary toctnc goitre 
occurs most often in young 
subjects, especially women, and 
may sometimes develop before 
jniberty.' Not infrequently there 
is history of goitre in the family. 
Less often the disease develops 
about the time of the menopause. 
Secondary toxic goitre usually 
develops in older subjects, 
usually women after thirty-five 
years of age or much later. 

The exciting causes of toxic 
goitre are suggested by the 
frequency with which a history 
of nervous strain precedes the 
illness. It may be acute or 
protracted, and subjects of an 
emotional or artistic tempera¬ 
ment arc more susceptible. In 
other instances infections such 
as influenza, tonsillitis, etc., 
precede the illness and may be 
regarded as exciting factors. 

The Thyroid in Toxic Goitre 



Primarv Toxic Goitre Fw- Primary toxic goitre associated 

(a) 1 O^IC UOlire. hypertrophy of thymus gland. 

The thyroid gland is enlarged {Department tfSmven/.UnivefnUn of Edinburth.) 

uniformly to a moderate degree. 

On an average, it is about four or five times the normal size, but in 
some cases the enlargement may not be obvious on examination as 
the gland sometimes insinuates itself behind the trachea. There is no 
constant relationship between the size of the gland and the severity of 
the symptoms. The gland is hig^^ vascular, owing to dilatation and 
proliferation of its blood vess^;' cut surface is granular and 
friable, and owing to the diminution nf colloid it lacks the nc^mal 
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glistening appearance. In old-standing cases there may be a marked 
increase of the intraglandular stroma. The iodine content of the gland 
is reduced. In the majority of cases of toxic goitre beginning before 
the age of thirty years the thymus shows hjrperplasia. In some cases 

the lymphoid tissue 



throughout the body 
shows a mild degree 
of hyperplasia. 

Microscopically, 
the most characteristic 
features are reduction 
in the amount of col¬ 
loid and proliferation 
of the epithelial cells 
lining the acini. The 
colloid is usually very 
scanty, and is more 
fluid than normally 
and is often vacuo¬ 
lated ; it often contains 
degenerated cells and 
it stains poorly with 
eosin. The cells of the 


tbo. 192. Phoioniicrogra})h of tliyroid gland from 
a case of primary toxic goitre. The epithelium of 
the acini shows marked liyperplasia, the colloid is 
scanty and vacuolated. 

(lAttmatory of Royal CcUege of PhyniciaM of Edinburgh.) 


acini are enlarged and 
swollen, increased in 
number, and definitely 
columnar. Infolding 
of the walls of the acini 


is usually a striking feature and, as a result, the acini lose their normal 


shape. An excess of lymphocytes is present in many cases. 

The appearance of the thyroid gland in primary toxic goitre varies 
according to the clinical course of the disease. In cases which run a 


rapid course without remissions there are only the changes of hyper¬ 
trophy and hyi)erplasia as described above, whereas, in cases in which 
there are natural .remissions parts of the gland are hyperplastic and 
others involuted. In the involuted parts the acini are distended with 


colloid, and as the involutionary process usually has a lobular distri¬ 
bution these colloid areas freciuently become separated from the rest of 
the gland, forming adenomatous or nodular masses of varying size. 
The areas of hyperplasia also have a lobular distribution and may 
become sharply demarcated to form the so-called “miliary adeno¬ 
mata.” 


Similar involutionary changes follow the therapeutic administration 
of iodine in primary toxic goitre. They include restoration of colloid 
to the vesicles, disa})pearance, in places, of hyperplasia and hypertrophy, 
and increase of the fibrous stroma and reduction of vascularity. As a 
result the gland l)ecoines firmer and more gelatinous, and often distinctly 
mammillated or nodular on the surface. It is well known that iodine 


produces very marked temporary ameliemtion of the symptoms in 
over 70% of cases and rarely fails to effect some benefit. 
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{b) Secondary Toxic Goitre (Toxic Adenoma). In most cases 
the pre-existing pathological condition is an adenomatous goitre, 
which may have been present since early adult life. The adenoma, 
per sCy does not confer any special tendency to the development of 
toxicity, but it alters the toxic features very eoiisitleral)ly. It appears 
as if the epithelium in an adenomatous goitre is already, to some 
extent, exhausted or destroyed, and is unable to reaet to the same 
extent as a healthy gland, and therefore the manifestations of 
secondary toxic goitre are usually less pronounced than those of the 
primary variety, though the effects upon an already impaired cardio¬ 
vascular system may be more grave. 

It is presumed that excessive secretion is not elaborated in the 
^ adenomata but in other parts of the gland, but in a very few cases it 
must be conceded that a single adenoma, situated in an apparently 
healthy gland, may be itself responsible for toxic effects, for removal 
of the adenoma (which is often of small size) rapidly brings about relief 
from the toxaemia. 

Exophthalmos. Exophthalmos is one of the most arresting features 
of toxic goitre. It is probably due to a combination of causes chief of 
which are (a) sustained contraction of unstriped muscle fibres within 
the orbit and eyelids, (6) increas(? of fat in the socket of the eyeball, and 
(c) oedematous infiltration of the ocular muscles. 

Protrusion of the eyes usually diminishes after surgical treatment 
of the goitre; but in a few instances (especially in elderly males) it 
persists or increases, so much so that the eyelids cannot be closed and 
the cornea is permanently exposed and becomes ulc(“rated. Continued 
infection may lead to destruction of the eye (exophthalmic ophthalmo¬ 
plegia). The persisting exophthalmos is believed, as in experimental 
conditions, to result from excessive liberation of the pituitary factor 
responsible for thyrotoxicosis. 

TUMOURS OF THE THYROID GLAND 
Adenoma 

In a previous section it was indicated that the common nodular 
formations in the thyroid are not true tumours. But there is a small 
group which have undoubted features of an adenoma. Such a tumour, 
often called “ foetal adenoma ” from the primitive character of its cells, 
is usually single, small, solid, and well encapsuled. Histologically, it is 
composed of cubical or spheroidal cells containing large dark-staining 
nuclei and very little faintly staining protoplasm. In the early stages 
the cells lie in sheets without a lumen or are arranged in columns. In 
places a lumen may form and a minute amount of colloid appears and 
the tumour then has the appearance of the thyroid gland in infancy. 
Development may proceed and large vesicles filled with colloid appear, 
but the cells lining them remain small and other parts of the tumour 
retain their undifferentiated character. The remainder of the gland is 
usually healthy. The tumour is generally functionless, and is prone 
to early degeneration leading to cyst formation. In rare instances 
myxeedema has followed removal of a thyroid adenoma, even though 
the gland appears healthy. 
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Cardnoma 

Carcinoma of the thyroid usually occurs between the ages of fifty 
and seventy. Unlike other thyroid diseases the incidence is greater in 
men than women (2*4 : 1). 

Carcinoma is specially prone to develop in a gland already altered 
by disease, particularly the adenomatous type of goitre. For this 
reason the incidence of malignant disease of the thyroid is high in 
endemic goitre regions. 

Usually malignant disease of the thyroid gland causes neithi^ 
hyperthyroidism nor hypothyroidism; occasionally, however, the 
tumour or its metastases elaborate thyrotoxin and thus lead to the 
changes characteristic of toxic goitre. 

Tlie histological appearance in carcinoma of the thyroid gland is 
very diverse, varying from an epithelial proliferation not dissimil^ td 
that of tf>xic goitre to a degree of anaplasia which may lead to confusion 
with sarcoma It is customary, however, to recognize the following 
pathological types of growth, although it should be understood that 
they are not invariably distinct and that many intermediate forms 
occur. Of these types, the first three are not uncommon, the others 
rare. 

< Malignant Adenoma. This tumour occurs especially in endemic 
Hmtre regions. It is thought to arise most often in a foetal adenoma, 
tumour varies considerably in size and appearance. It may attain 
size and exei*eise its malignant effects mainly by pressure in the 
heck, or it may give rise to metastases which terminate life whilst the 

primary growth remains 
small. Metastasis may 
take place to the regional 
lymph glands or to the 
skeleton. The sternum, 
ribs, vertebral column 
and skull are the bones 
commonly involved. 

The microscopic ap¬ 
pearance of the malig¬ 
nant adenoma varies 
greatly, both in different 
specimens and in differ¬ 
ent parts of the same 
specimra. Most often 
the appearance is that 
of cubical or low col¬ 
umnar cells arranged in 
acini, whilst in places 
the cells may be 'dis¬ 
posed in solid masses 
or present a papillary 
formation. In some tumours there are areas resembling nom^ or 
hypojdastic thyroid tiesuoi or areas wid) the appearance of fcemi 
adenoma or colloid adenoma. 



Fio. 19;i, Malignant adenoma of the thyroid gland. 

(Labrntter^f ttoyal College of PbgtkiMa tf E^Mbmtgh.) 
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Papillary Adenoordbioma. This tumour, which is the commonest 
type in Great Britain, is believed to develop generally in an adenoma or 
simple cyst. Occasionally it has been found in the posterior triangle of 
the neck, where it is believed to have originated m an aberrant nodule 
of thyroid tissue. The tumour generally attains considerable size 
and is soft, partly cystic, with a yellowish-grey cauliflower appearance 
on section. «Since at first it lies within the capsule of the original lesion 
it is less malignant than the other types. Eventually it gives rise to 
secondary growths in the regional lymph glands, but it rarely 
metastasizes to more distant sites. 

Microscopically, it is composed of branching jiapilliferous processes 
supported by a well formed and vascular stroma ; the cells are arranged 
in one or more layers and may be of a high columnar order, cubical, 
flattened or syncytial. 

Scirrhous Carcinoma. Unlike other types, this tumour commonly 
arises in a normal thyroid gland. It forms a small hard infiltrating 
growth which spreads diffusely by direct extension and invades adjacent 
structures, especially the larynx, trachea and infrahyoid muscles. At 
an early stage it metastasizes to the lymph glands of the neck and 
mediastinum. 

Microscopically it consists of solid clumps of cells, small, polyhedral 
or even spindle shaped, set in a fibrous tissue ^troma. In some cases 
the growth is exceedingly cellular and may resemble a sarcoma. 

Epidermoid Carcinoma. This tumour resembles the scirrhous 
carcinoma, but is 


characterised micro¬ 
scopically by the 
presence of cells of 
squamoid pattern. It 
seems likely that many 
tumours formerly in¬ 
cluded in this type 
were carcinoma origi¬ 
nating in the pharynx 
and involving the 
thyroid by contact 
spread. 

Sarcoma. It seems 
probable that many 
tumours formerly in¬ 
cluded in this group 
were anaplastic forms 
of carcinoma. True 
sarcoma of the thyroid 
gland is now regarded 
as a very rare growth. 

Pathological Effects 



of of the (Depaiihiimil«fPafMom,VHtrenltyofGUut/ow.) 


Thyroid. Thereareno 

characteristic early symptoms and signs of malignant disease of the 
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thyroid, and this accounts for the frequency with which the disease 
may not be diagnosed clinically, but is recognized only on histological 
examination. While a malignant adenoma is still encapsuled diagnosis 
is scarcely possible. 

Progressive or rapid increase in size of a thyroid gland which has 
already been enlarged but stationary is often an important sign. A very 
suggestive sign is the sudden onset of hoarseness or aphonia. Pain, referred 
to the side of the neck or the head, though not pathognomonic is an 
important symptom. When the tumour has penetrated the capsule 
of the thyroid, especially if this occurs in the medial aspect of the gland, 
the larynx and trachea are involved and become fixed, and the trachea 
may be displaced, compressed or even invaded. The infrahyoid 
muscles and later the skin become involved m the growth. One or 
both recurrent laryngeal nerves may be paralysed. Involvement of 
the pharynx and oesophagus is a not unusual feature and accounts for 
the dysphagia which is fairly common in this disease. It is very rare 
for a simple goitre to produce dysphagia, and therefore this symptom, 
in association with a thyroid enlargement, should arouse a suspicion 
of jnalignancy. 

|n the late stages the skin is puckered and reddened, the superficial 
are engorged, and there is extreme dyspnoea, but cachexia, coin- 
;^nly seen in cancer in other regions of the body, is often absent. 

iQ^tetastases in Carcinoma of the Thyroid. Next to the regional 
glands the lungs are the commonest site of mctastascs. They 
tare also common in the bones, especially in the vertebrae, the skull, and 
the long bones {see p. 179). In a number of cases in which osseous 
mctastascs are present the primary growth is very small or of very slow 
grpwth, and in such eases the metastasis may be mistaken for a primary 
tumour. 
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CHAPTER XX 


DISEASES OF THE PARATHYROID GLANDS 
ANATOMY AND PHYSIOLOGY 

Thk parathyroid glands arc yellowish-hrowa ovoid or lenticular 
structures, measuring 5 to 7 min. in length and 1 to 2 mm. in 
thickness. Normally, there are two pairs of parathyroids, superior and 
inferior, but one parathyroid is absent in 24% of subjects, two are 
absent in 5%, and occasionally only one is present. 

Supernumerary. parathjToids are fairly common and as many as 
twelve may be present. Tlie parathyroids vary, in position as well as 
in number. Usually they lie outside the capsule of the thyroid gland. 
The superior one is situated on tlie posterior surface of the lateral lobe> 
about its middle. The inferior one is larger than the upper and usually 
lies on the postero-mcdial aspect of the inferior extremity of the 
thyroid. The blood supply is usually derived from the anast|^mol^q 
vessel connecting the superior and inferior thyroid arteried)^, ah4..'thi8' 
vessel furnishes the best guide to them. In rare instances a pwathjrroi^ ' 
gland may lie buried within the substance of the thyroid gland. ■ One of 
the superior parathyroids may lie behind the pharynx or the oesophagus, 
or in the areolar tissue at the side of the larynx, above the level of the 
thyroid gland. One of the inferior parathyroids may lie near the 
bifurcation of the common carotid artery, behind any part of the 
th)Toid gland, on the side of the trachea, or in the superior mediastinum 
close to the thymus or within it. 

The parathyroid glands arc composed of compact masses of 
epithelial cells separated by strands of areolar tissue containing 
vessels which tend to assume sinusoidal characters. The epithelial 
cells may vary in appearance according to the age of the subject. 
Usually they are polygonal and of moderate size with an abundant 
clear cystoplasm; the cell-nucleus is usually excentric, and contains 
one to six nucleoli. After the age of ten years slightly larger cells 
are present, either singly or in groups ; they contain granules whuth 
are markedly acidophilic. It is not known which type of cell gives 
rise to the active secretion. Later in life vesicles containirig eolloid 
material are sometimes present. The colloid material, which does not 
contain iodine, is more abundant after thyroidectomy. 

The function of the parathyroid glands is to regulate the calcium 
and phosphorus metabolism of the body. The method by which the 
glands maintain a balanced ratio between intake, storage, utilization 
and excretion of calcium is very complicated and is influenced by many 
accessory factors such as diet, adequate quantities of vitamin D, and a 
proper amount of phosphatase in ^e tissues. Upon the correct meta¬ 
bolism of calci um depei^ the growth and stability of the skeleton, the 
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irritability of muscles and nerves and the coagulability of blood. The 
skeleton, being the reservoir for mlcium in the body, is especially 
subjc<jt to the horinonic effects of the glands; and in pathological 
conditions this source of calcium seems to be more readily available 
for assirrtilution by the tissues than the calcium absorbed by the bowel. 

The amount of calcium in the blood remains very constant and is 
normally between 9 and 11 mg. per 100 c.cm. of blood serum. The 
mann(;r in which calcium is held in solution in the blood plasma is 
twofold. Part, about 2*5 to 4*5 mg., is held by adsorption with protein 
and is non-ionized and physiologically inactive. The remainder is 
present as ionized calcium, about 1 to 2 mg. of which is dissolved as it 
would be in saline solution, and the rest (nearly half) is held in solution 
by parathormone. The method by which the hormone controls the 
solution is not fully understood, but when the parathyroid glands are 
excised it is this last fraction which disappears. There is a reeiprocal 
relation between the concentration of calcium and phosphorus in the 
blood plasma whereby the acid-base metabolism of the body is main¬ 
tained, so that if the concentration of one rises that of the other falls. 

After removal of the parathyroid glands the blood calcium may fall 
as low as 6 mg. per 100 c.cm. (hypocalccemia)^ and the reduction is 
associated with characteristic clinical features known as tetany. The 
features of tetany are abolished by the administration of calcium salts. 
Conversely, in certain states of over-activity of the parathyroid glands 
blood calcium is raised {hypercakamia), sometimes to as much as 
115 to 28 mg. per 100 c.cm., with a proportionate fall in the blood 
phosphorus to as low as 1 mg. per 100 c.cm., and a greatly increased 
output of both calcium and phosphorus in the urine. 

The isolation by Collip in 1924 of an active extract of the para¬ 
thyroid glands afforded new avenues for the study of the parathyroid 
glands in relation to calcium metabolism. Continued injection in 
growing animals is followed by a considerable rise in the blood calcium 
and an increased excretion of calcium and phosphorus in the urine. 
The plasma phosphatase is always increased. The first effect of para¬ 
thormone is to lead to an increased elimination of phosphorus by the 
urine, followed by increase of serum calcium made available by the 
reserves in the skeleton. The excess of calcium is excreted by the 
kidney and a progressive depletion of the mineral calcium of the skeleton 
occurs, resulting in rarefaction of the bones. There may be an associated 
loss of appetite, drowsiness, muscular atonia, and great dehydration. 
Metastatic calcification may occur in the kidneys, lungs, myocardium 
and gastro-intestinal tract. These biological effects of excessive doses 
of parathormone have their counterpart in generalized osteitis fibrosa 
(s«ep. 150), 

SYNDROMES OF PARATHYROID DISEASE 
. Hypoparathyroldisiii 

Parathyroid deficiency is manife^. in its jnost characteristic form 
as post-operative tetany, following on the thyroid gland; 

but it may occur spontaneously. ! •«' 
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Post-operative Hypoparathyroidism (tetania parcthyreopriva). P(M!t- 
operative tetany is an occasional complication after thyroidectomy 
for either colloid or toxic goitre. Fortunately, in most cases, the 
tetany is of a temporary character, and is due i)robal>ly to temporary 
suppression of secretion caused by reactionary erdema in the glands. 
Complete removal of the parathyroid glands is followed by a rapid fall 
in the serum, calcium to 5 or 6 mg. per 100 c.cm., and then tetany 
usually appears within two to foiir days of operation. Tetany occurs 
frequently after removal of a parathyroid tumour; generally it is 
transient, but it may be complete and prove fatal. 

It is supposed that half the parathyroid tissue normally available 
should be left to prevent tetany. Administration of parathormone 
restores the serum calcium to the normal level, and has been used 
' successfully to counteract the symptoms of tetany. Calcium chloride 
injected intravenously has the sanjc clfcct and acts more rapidly. 
Parathyroid extract given over long periods may lose its effect, and in 
such cases vitamin D in the ftJrm of ‘ Calciferol ’ is effective in controlling 
symptoms. 

The hypocalcaimia of parathyroid origin is associated with retention 
of calcium and phosphorus in* the body and is not due to depletion by 
urinary excretion. Probably in the absence of parathyroid hormone 
the tissues are unable to utilize the calcium in circulation, and storage' 
in the skeleton results. , ’ ^ 

Spontaneous Hypoparathyroidism. The occurrence of sp^* 
taneous hypoparathyroidism is well known. It is characteriaod'1:^'' 
weakness, sometimes by opacities in the lens, brittleness and rid^png 
of the nails, and loss of hair and dental enamel. The serum content of 
calcium is low. The condition is relieved by the administration of 
parathyroid extract or irradiated ergosterol. 

The idiopathic tetany of childhood, which commonly occurs during 
the active stages of rickets, is associated with a low calcium content of 
the blood serum. The parathyroid glands often show enlargement in 
rickets, and probably this is of a compensatory nature to overcome the 
effects of deficicmt absorption of phosphorus. 

Tetany may result from continued vomiting, e.g., in pyloric or high 
intestinal obstruction ; or it may follow the administration of alkalies, 
e.g., in the treatment of peptic ulcer or pyelitis. The tetany in such 
cases is not associated with any alteration of the serum calcium nor 
related to parathyroid disorder, but is due to alkalosis, wlvich causes a 
decrease of the available calcium existing as free ions. 


Hyperparatfayroidism 

1 , ‘ ^ 

The association between hyperfunction of a parathyroid tumpdr and 
generalized osteitis fibrosa is now fully established, and i% is beyond 
doubt that the parathyroid activity is primary and the di^letal elumges 
secondary. 

The parathyroid enlargement is usually confined to one gland, less 
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often to part of two glands. In rare cases there is overgruvHh of all 
glands, a feature which suggests an indirect hormonic effect probably 
from the pituitary. Tlic degree; of enlargement varies, but, on an 
average, it is three to eight times the normal before serious 

symptoms are produced. Usually explora¬ 
tory operation is required to demonstrate 
the enlargement. In many instances the 
enlarged gland has been abnormally 
situated, e.g., behind the trachea or in the 
mediastimun. 

Continued over-production of para¬ 
thyroid hormone leads to an obvious altera¬ 
tion in calcium and phosphorus meta¬ 
bolism, which is finally reflected in the 
dystrophic changes in the skeleton. The 
serum calcium is raised with individual 
variations between 12-6 and 23-6 mg. 
and the inorganic blood phosphorus is 
lowered to a level ranging from 1 to 2*7 mg. 
%. And, as in all diseases in which decalci¬ 
fication of the skclctotj proceeds, the blood 
phosphatase rises. Calcium excretion by 
the kidneys is always increased, sometimes 
tenfold. In addition, there are often addi¬ 
tional signs of over-production of para¬ 
thyroid hormone, comparable to those 
observed experimentally, in the form of 
muscular hypotonia, gastro-intestinal dis¬ 
turbances, impaired renal function, ab¬ 
normal depositions of lime salts, and a 
liability to calculus formation. In a few 
eases an abnormally high serum calcium is 
absent, but there is always an increased 
excretion of calcium in the urine. 

After removal of a parathjn-oid adenoma 
the blood calcium and phosphorus promptly 
return to normal levels. There is usually 
relief from subjective symptoms, such as 
bone pains, and spontaneous fractures may 
heal and osteoclastic tumours disappear. 
Restitution of the skeletal density is usually 
progressive, especially in young subjects. 
Urinary calculi may break up and disappear or require removal. 

Tetany sometimes fatal may develop after operation, even when the 
blood calcium is as high as 10 mg. per 100 c.cm. 

Hypertrophy of all the parathyroid glands has been observed 
in osteomalacia, renal rickets, and in famine osteodystrophy, 
etc. Estimation of calcium-phosphorus b^nce -usually serves to 
exclude a parathyroid origin of the .Jbone dystrophies in such 
ea«es. 



Fio. lO.*). Radiogram illus¬ 
trating osteitis llbrosa 
WNtystica in the tibia. The 
rarefaction and cyst forma- 
•• tioii are very pronounced. 
Note the fractures in the 
proximal and the distal 
part of the diaphysis. 


TUMOURS OF THE PARATHYROID GLANDS 


435 


TUMOURS 

Tumours of the parathyroid glands are rare, but they are of great 
interest because they are often, tho\igh not always, associated with 
hyperparathyroidism. Tliere are two varieties—adenoma and carcinoma. 

Adenoma. As in many other glandular organs, there is not always 
a sharp distipetion between hyperplasia of the parathyroid gland and 
adenoma. Usually the adenoma is single, yellow or greyish-white, 
encapsulated and lobulated. Usually small, examples with dimensions 
of 7-5 X 5 X 1*8 cm. have been encountered. Even such large growths 





Kio. 19(i. Adrnoiiiu ot paratliyniid gland. There are solid masses of larg<’ 
clear ivlls with dark staining mielei. In luldilion, acini arc seen lined 
by clear columnar cells. 

(Laboratory of Royal College of Rhysiciam of Kdinburgh.) 

may be impalpable. The tumour may be cystic and there may be area^^ 
of calcification in it. ^ 

Microscopically, a parathyroid adenoma is composed of interlacing 
compact cords or masses of large clear cells, uniform in type and 
separated by vascular spaces {see Fig. 196). The stroma is usually 
scanty. In some examples the cells may in parts be arranged in acini 
containing colloid-like material. 

Carcinoma. This is a very rare tumour of the parathyroids. It 
may arise spontaneously or from an adenoma. Tlie tumour, which 
grows rapidly and irregularly, Ynay reach the sisse of a fist or larger. It 
infiltrates the thyroid gland, the muscles, and the trachea and larynx, 
and there is a great tendency to local recurrence after operation. 
Metastases occur in the lymph glands, the lungs, and the skeleton. 
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Histologically the tumour is composed of irregularly disposed atypical 
cells of various sizes. The cell nucleus is often large and commonly 
shows mitosis. 

Carcinoma of the parathyroid glands is practically never associated 
with skeletal disease. 
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CHAPTER XXI 


DISEASES OF THE PHARYNX, LARYNX AND 

(ESOPHAGUS 

PHARYNGEAL DIVERTICULUM 

A DIVEETTCU1.UM of the pharynx originates as a protrusion of the 
mucous membrane through the posterior wall of tfic [)liarynx in the 
middle line. The site of origin of the pouch is constant, and is deter¬ 
mined by the arrangement of the muscle fibres at the entrance to the 
cesophagus. The inferior constrictor muscle of the pharynx consists 
of two portions, eaeli with a'*different disposition of muscle fibres, and 
a different action. The upper fibres (thyro-pharyngeus) take origin 
from the thyroid cartilage on each side and pass obliquely upwards 
and backwards around the pharynx to its median raphe. The lower 
fibres (cricopharyngeus) arise from the cricoid cartilage aiid encircle 
the entrance to the oesophagus like a collar. Posteriorly, between the 
two parts of the inferior constrictor, the wall of thft pharynx is 
potentially weak and, under abnormal conditions, constitutes an area 
of lessened resistance. On the jiharyngeal surface this area may be 
marked by a small depression which has been called the “ pharyngeal 
dimple,” although it is rarely detectable in normal subjects. When a 
diverticulum of the pharynx occurs it is between the two sets of fibres 
of the inferior constrictor muscle. 

.^Itiology. There is no evidence that a diverticulum at this site is 
congenital in origin, for its occurrence in young subjects is unknown 
apart from oi-ganic stenosis of the upper part of the cesophagus. Most 
examples of pharyngeal diverticulum have been found in adults past 
middle life, and the incidence is greater in males than in females (8 :1). 

The determining cause of the formation of the diverticulum is 
accepted to be interference with the normal coordination of the act 
of swallowing, whereby intrapharyngeal tension, generated during 
deglutition, is unduly prolonged. The importance of this factor In' 
suggested by the long history of dysphagia even though there may be 
long intennissions. The mechanism of swallowing can be observed on 
pharyngoseopic examination or in cases of suicidal cut-throat, and it is 
then seen that the upper orifice of the oesophagus relaxes only for a brief 
interval after contraction of the detrusor muscles above it, and that when 
saliva or a bolus of food has been transmitted it closes at once. Keith 
measured the pressure generated in the pharynx on deglutition and 
found it rose to a maximum of 46 mm. of mercury; such intermittent 
pressure, if unduly sustained, would doubtless produce strain at the 
point of obstruction. In the production of a diverticulum it is believed 
that there is some degree cif neuromuscular incoordination in the act 
of swallowing by which the cricopharyngeus muscle fails to relax in 
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the normal way in succession to the contraction of the pharyngeal 
muscles above it (aclialasia); and that by repetition of intermittent 
impulses of high pressure, the least supported area of the pharynx, 
{especially if already weakejit'd in age), gradually stretches. Once 
formed, the hernial protrusion increases in si/x* progressively by the 
weight of its (ronteuts ; the displacement forwards of the upper aperture 
of the cesoplingus renders morr; didieult the passage of food into the 
oesophagus, and the propulsive force of the pharynx is expended in 



Fio. 197. Pharyngeal diverticulum. 


dilating the sac. It is for this reason tliat no food enters the oesophagus 
until the diverticulum is lilled. A pharyngeal diverticulum has been 
observed in association with goitre, and the pressure exerted by the 
enlarged thyroid, either on the oesoi)hagus or the recurrent laryngeal 
nerves, has been held responsible. A median diverticulum, arising at 
the lower end of the pliarynx and protruding between the oesonliatrus 
and trachea, has been described. 

Anatotnkal Retetions and Structure of the Diverticulum. A 
pharyngeal diverticulum tidien small retmns a partial covering of 
muscle fibres acquired from the inferior cocli^ictor. With increase in 
812 ^ of the pouch the muscular coat he<^m^ gradually attenuated. 
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until finally muscle fibres arc present only at its neck. The pouch is 
usually flask-shaped; in a very few instances the fundus of the sac is 
bifid. The pouch descends behind the oesophagus, situated in the space 
between the pretracheal and prevertebral fasciae, and, when large, the 
fundus may reach the superior mediastinum {see Fig. 197). In some 
cases the diverticulum presses upon and leads to atrophy of the pos¬ 
terior wall of the oesophagus. The diverticulum is usually inclined to 
one or other side, generally the left, and after a meal a swelling, which 
gurgles, may be obvious in the posterior triangle of the neck. The 
dragging effect of the diverticulum brings its mouth into the same 
axis as the pharynx, and the entrance of the oesophagus appears as a 
narrow aperture at the anterior border of the neck of the sac. The 
, orifice of the diverticulmn is circular or elliptical. Radiographic 
examination after an opaque meal reveals the size of the pouch and 
demonstrates how it must fill before food can enter the gullet. 

The wall of the pouch varies in thickness in different specimens. 
It is lined with squamous epithelium which may be smooth or rugose, 
and which may undergo ulceration or hyperkeratosis. A muscularis 
mucosae may or may not be present. The outer fibrous coat, which 
makes uj) most of the thickness of the wall of the pouch, is derived 
from the pharyngeal aponeurosis. This coat is separated from the 
subrnucosa by thin areolar tissue, which may afford a plane of cleavage 
in operating. 

Stagnation of food and saliva may lead to ulceration of the interior 
of the diverticulum and may cause perforation with abscess formation 
in the neck or mediastinum. Emaciation often (“usues from the pro¬ 
longed diffieidty in swallowing. Asf)iration pneumonia from regurgita¬ 
tion of the stagnant contents of the sac is not an infrequent cause of 
death. Occasionally a carcinoma has taken origin inside a diverticulum, 
even after operation. 

Later'al Pharyngeal Diverticulum 

This variety of diverticulum is of developmental origin. It is 
thin walled and deeply situated, and has usually a communication 
with the tonsillar or the pyriform fossa and sometimes with the skin 
surface. It is lined by squamous epithelium. Distension within its 
cavity may lead to severe pressure effects. 


LARYNGOCELE (Cervical Aerocele) 

This is an air-containing sac which results from herniation of the 
mucous membrane of the larynx through a defect in the laryngeal 
skeleton. A similar condition is normally found in a high state of 
development in some of the higher apes. 

Laryngocele may arise in children, but more often it occurs in adults 
as a result of chronic expiratory obstruction. It is seen in glass- 
blowers, players of wind htiSfaruments, and sufferers from chronic cough. 
Two types are recognized^lpternai and external laryngocele. 
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\lAtel!Tia\^ar3fngocele results from dilatation of the ** saccus laryngis ” 
at the anterior end of the ventricle of the larynx. It presents a tense 
cystic swelling above one vocal cord, and may cause dysphonia or 
dyspnoea or even dysphagia. 

External laryngocele is due to protrusion of the mucous membrane 
through the thyro-hyoid membrane. It gives rise to a painless swelling 
in the neck, which enlarges on forced respiration and empties with a 
gurgle either spontaneously or on pressure. The cyst tends to increase 
in size gradually and may reach as far as the clavicle. It may be 
bilateral. 


CARCINOMA OF THE PHARYNX AND LARYNX 

In the pharynx there are two common starting points for cancer— 

(1) at the upper aperture of the larynx (epilaryngeal growths), and 

(2) at the narrow or tubular part of the pharynx behind the cricoid 
(hyiwpharyngeal growths). The growths are of the nature of squamous- 
cell carcinoma, in which cell-nest formation usually is present. Occa¬ 
sionally a basal-cell type of growth occurs ; and sometimes the tumour 
has an abundant lymphoid stroma (lympho-epithelioma). 

Epilaryngeal Growths. Epilaryngeal growths are commoner in men 
than in women and occur most often after the age of fifty years. The 
growth generally takes the form of a raised ulcer; sometimes papillary 
types occur, but less often than at other sites in the pharynx. There 
are four common starting points for the growth; (1) The epiglottis. 
(2) The ary-epiglottic fold, i.e., in the medial wall of the piriform recess. 
(S) The floor of the piriform recess, and (4) The lateral wall of the 
piriform recess. Growths of the epiglottis tend to spread to the valle- 
culse and to invade the base of the tongue. The epiglottis may be 
entirely destroyed. Growths of the arj^-epiglottic fold may extend 
into the interior of the larynx and towards the lateral wall of the 
pharynx. Growths on the floor of the piriform j'ecess are situated most 
unfavourably, because symptoms are long delayed, and spread to the 
larynx is of common occurrence. In some instances the tumour in 
tlie piriform recess remains very small and a large glandular metastasis 
appears below the angle of the mandible.. The swelling in the neck may 
be explored and its primary origin entirely overlooked. 

The effects produced by epilaryngeal growths are generally different 
from those at other sites in the pharynx. 1 ickling in the pharynx, the 
sensation that a foreign body is lodged there, and discomfort in swallow¬ 
ing saliva apart from food are usually the earliest evidence, and pain 
and hoarseness are of later occurrence. On laryngoscopic examination 
the growth can usually be seen and it is often covered by rather tenacious 
exudate, which may be blood-stained. It is characteristic that the 
exudate is not readily dislodged in making swallowing movements. 
The cartfla^ at the upper aperture of tlie larynx lend to become fixed, 
and the Surrounding mucous membrane is ofteii oedematous and con¬ 
gested. Involvement of the cervical lymph glands cannot on the whole 
be regarded as either an osiiy or a t^iuspieupus feature of epilaryngeal 
growths with #ie exception ol g^wths of the pirifomi recess. 
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Hypqpharyiigeal Growths. (Post-cricoid cancer.) Hypopharyngeal 
growths are especially common in women, and quite frequently they 
occur before forty years of age. As emphasized by Logan Turner, 
many subjects who develop cancer at this site have for years suffered 
from intermittent difficulty in swallowing of nervous origin. 

The common starting points are the lateral or posterior walls of the 
lowest part of the pharynx. The growth generally takes the form of a 



Fig. 19S. Radiogram of thorax in a case of post-cricoid cancer in a man 
aged seventy-one years. The trachea and bronchi contain barium as a 
result of regurgitation of an opaque meal into the larynx. Death 
due to septic bronchopneumonia. 

slightly raised papillary excrescence of roughly circular outline. It 
tends to encircle the pharynx and to extend to the laryngeal cartilages, 
especially upwards to the arytenoids. At a later stage extension to 
the thyroid gland is common. The lymph glands in one or both 
posterior triangles may be invaded. A grci^h situated at the junction 
of the pharynx and oesophagus' may extend for a considerable distance 
down the gullet. When that happens it may perforate the trachea and 
produce a fistula. 

Growths in the lowest part of the pharynx are too distant to be 
seen by laryngoscopic examinatioh, but suggestive signs aa^^oedema and 
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fixation of one of the arytenoid cartilages and stagnation of exudate. 
In the advanced stages it may be impossible to state from what point 
the growth originated. It may displace the larynx forwards, or may be 
palpable in the neck. From perforation, an abscess may form in the 
neck or in the mediastinum. A common cause of death is septic 
pneumonia as a result of regurgitation of food into the larynx owing to 
obstruction at the entrance of the oesophagus (Fig. 198). 

Intrinsic Carcinoma of the Larynx. Intrinsic carcinoma of the 
larynx usually begins in one of the vocal folds ; much less often in 
one of the ventricular folds, and very rarely in the subglottic region. 
The favourite site of origin is the anterior half of the vocal fold at its 
free border, from which the tumour tends to spread forwards and to 
the opposite vocal cord. The growth is usually of a warty or cauliflower 
type and has the histological characters of a squamous-cell carcinoma. 

It is characteristic of intrinsic cancer of the larynx that it grows 
slowly, and many years may elapse before the larynx is extensively 
invaded. Metastoses occur in the glands around the carotid sheath. 
Recurrence of disease in these glands is common after operation. 

Intrinsic cancer of the larynx is rare before the age of fifty years, and 
is more than ten times commoner in men than in women. The chief 
effect of the growth is to lead to changes in the voice, but at a later 
stage it may give rise to aphonia, dyspnoea and stridor, and eventually 
. il»ds to death from hiemorrhage, asphyxia or septic pneumonia. 


SPASM AT THE ENTRANCE OF THE (ESOPHAGUS 

This is a common cause of dysphagia. Its underlying cause is 
spasm of the cricopharyngcus part of the inferior constrictor muscle. 
It occurs most often in neurotic subjects, especially middle-aged 
ansemic women, and is generally of long duration before it comes under 
observation. In rare cases the muscle is greatly hypertrophied. 

The appearances noted at the lower part of the pharynx are fairly 
constant and characteristic. The mucous membrane, instead of being 
disposed in stellate folds that separate readily, presents a drawn and 
irregular appearance. The oesophageal orifice is small, often excentric, 
and may be slit-like; it is readily fissured and, therefore, if a bougie 
is passed it must be done carefully. Brown Kelly noted that anaesthesia 
did not bring about relaxation of the spasmodic contraction, but that 
dilatation effected relief. 

In subjects of this disorder the mucous membrane of the mouth 
and pharynx generall)' undergo changes. The tongue is abnormally 
smooth from atrophy of its filiform papillae and may show fissures or 
leukoplakia. The cheeks and palate are dry and have a waxy pallor. 
Saliva is usually scanty but may be excessive. 

Anaemia and occasional splenic enlargement may be associated 
with this Condition and recent observations suggest that relief may be 
gained by full doses of iron and an adequate diet. - 

Nei^ous difficulty in swaflowing, especially in women, has preceded 
cancer of the phaiynx in a large proportion of cases. Possibly the 
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growth arises as a result of chronic irritation causf d bv the functional 
incoordination or the nutritional deficiency. 


CONGENITAL ABNORMALITIES OF THE (ESOPHAGUS 

At about the third week of development of the embryo the oesoplmgus 
is represented merely by an annular constriction betwec*n the pharynx 
and the stomach, and it is only after elongation of the neck and the 
growth of the lung buds that it becomes tubular. In the early stages of 
development the cephalad part of the oesophagus and the trachea 
form a single short canal, and later the two tubes become separated by 



Fig. 199. Diagrammatic representation of congenital abnormalities of the 
msopht^us Olid trachea. The tliird figure depicts an occluding 
diaphragm of mucous membrane. (After Vincent.) 


the ingrowth of a longitudinal septum from eaiih side, which completes 
the partition. The caudal part of the septum is the last to be 
completed. 

As the oesophagus and trachea have a common origin it is not sur¬ 
prising that sometimes fistulous dianncls persist. Such congenital 
maldevelopments are generally ineompatible with life. The com¬ 
munication is commonest with the trachea at its bifurcation or with the 
right bronchus. In some instances the oesophagus and trachea com¬ 
municate at two points and a segment of the oesophagus is absent. The 
other abnormal connexions of the oesophagus and trachea are depicted 
diagramrnatically in Fig. 199. 

Congenital maldevelopment of the oesophagus itself is of more 
importance than tracheo-oesophageal fistulie because it is often com¬ 
patible with life, and may be a cause of dysphagia in childhood. The 
chief types are : (1) congenital narrowing of the whole oesophagus, 
(2) congenital stenosis of the upper or the lower end, (8) absence or 
narrowing of a segment, (4) an occluding diaphragm of mucous mem¬ 
brane, and (5) congenital shortening. 

Congenital narrmoing of the oesophagus may be so extreme that the 
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organ is represented merely by a fibrous cord, but in many instances the 
oesophagus is properly developed, but in miniature. The recognition 
of congenital constriction of the oesophagus in infancy depends on the 
degree of obstruction# If the stenosis be complete all food is regurgitated, 
but in many cases narrowing causes no symptoms as long as the diet is 
fluid. In a few cases a congenital web of mucous membrane has been 
recognized by oesophagoscopy and has been successfully perforated. 

In congenital shortening the oesophagus ends about the level of the^ 
eighth thoracic vertebra. A portion of the stomach is therefore held 
suspended in the posterior mediastinum above the hiatus in the 
diaphragm (thoracic stomach). The importanee of this developmental 
abnormality is its simulation of paraoesophageal hernia as well as 
certain types of cardiospasm and dyspepsia. 

Ulceration of an intractable kind is particularly liable to occur at the 
junction of the oesophagus and the stomach. 


(Esophageal Diverticiilum 

Diverticula of the oesophagus are rare and unimportant, as they are 
seldom discovered during life and rarely give rise to symptoms. 

It is customary to describe three varieties : (1) congenital or develop¬ 
mental, (9) traction, and (8) pulsion, diverticulum. 

(1) A small diverticulum may result from imperfect separation of 
the trachea and oesophagus. It occurs usually in the anterior wall of 
the oesophagus about the angle of bifurcation of the trachea, and is 
firmly incorporated with the membranous wall of the trachea. The 
pouch is covered at its neck and sides by muscle bundles derived from 
the oesophagus. 

At or about the level of the bifurcation of the trachea developmental 
defects in the oesophageal musculature are common and through these 
small diverticula may emerge. The muscular defects probably represent 
incomplete coalescence of the relatively thin striated muscle fibres of 
the upper part of the oesophagus with the stouter plain muscle of the 
lower part. 

(2) A traction diverticulum is usually situated in the neighbour¬ 
hood of the bifurcation of the trachea or where the left bronchus crosses 
Ihe oesophagus, and usually owes its origin to adhesion of enlarged 
tuberculous tracheo-bronchial glands to the wall of the oesophagus. 
Less often adhesion of the pleura or the pericardium to the oesophagus 
may determine its development. The movements of respiration and 
deglutition exert a gradual dragging on the walls of the oesophagus so 
that finally they may be drawn out into the form of a funnel or diverti- 
eolum. Such a diverticulum is usually wide mouthed and of small 

and more than one may be present. As a traction diverticulum 
is wide mouthed, and as the fundus is often situated at a higher level 
than its entrance, food does not tend to stagnate. Perforation by a 
foreign body lodged within its cavity has been recorded. 

(8) Pulsion diverticula nre ,very rare. A variety known as spf- 
phttnic sometimes occurs |n the loihrer part of the oesophagus on the 
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left side. It consists of a protrusion of the mucous membrane through 
the longitudinal muscle fibres of the oesophagus. The communication 
with the oesophagus may be very minute 


so that the pouch may become greatly 
distended with mucoid fluid. 

Occasionally pouching and diver¬ 
ticulum formation occur immediately 
above an old-standing fibrous stricture. 

CARDIOSPASM: ACHALASIA OF 
THE (ESOPHAGUS 

This condition is characterized by 
dilatation and hypertrophy of the 
oesophagus associated with a peculiar 
type of obstruction at its lower end. 
It affects women slightly more often 
than men, and it begins insidiously and 
progresses slowly or intermittently 
during many years. It is rare'in child¬ 
hood ; it generally occurs between the 
ages of twenty-five and forty-five years, 
but it may not be present till old age. 
Symptoms sometimes appear for the 
first time after a debilitating illness. 

The obstruction at the lower end of 
the oesophagus is usually associated 
with no obvious organic lesion, and 
appears to be due to functional con¬ 
striction. It gives rise to difficulty 
in swallowing, at first slight and inter¬ 
mittent, later severe and constant. 
The obstructed oesophagus dilates, 
and foodstuffs and fluid, denied 
egress at the cardia, stagnate and fer¬ 
ment or else are regurgitated. In the 
later stages the constant obstruction 
leads to starvation and emaciation. 

Patholo^cal Features. In an ad¬ 
vanced case the oesophagus is lengthened 
by 8 cm. or more, it is greatly dilated 
and attains a circumference of even 



15 cm. Usually the dilatation is most F*®- 200 . CBsophag^asia. Nrte 

th® extreme dilatation of lae 
obvious in the lower two-thirds. Di- oesoplu^fus and the hypertro^y 

feriorly, the dilatation usually reaches of the circular muscle. The 

only to the diaphragm: in some cases 

” ® , , . hiatus in the diaphragm. 

it extends flS AS tile Stoinflen'”"^#^?*^ ^^titguMofRoy<iUC<Msftvf£iUTff€Qniof 
about 4 cm. lower. Superiorly, in long- 

standing cases it may extend as far as the cervical portion or ^en 
to involve the phar 3 mx. The dilatati<m vari^ in shape—elongated, 
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fusiform or flask-shaped—or, if greatly lengthened, it may assume a 
sigmoid outline. 

In aiddition, the oesophagus shows considerable muscular hyper¬ 
trophy, the muscular coat being increased in thickness from the normal 
of about 1*5 mm. to as much as 4 mm. or even 7 mm. The hyper¬ 
trophy, unlike that in simple stricture in wnich both sets of fibres 
are affected equally, is due usually to overgrowth of the circular 
muscle, but in exceptional cases only the longitudinal fibres are 

affected. 



Fio 201. CBs^hagectasia in a young subject. The 
obstruction is situated at the cardia. Note the 
active peristalsis. 


The mucous mem¬ 
brane, stretched and 
thinned, may undergo 
various secondary 
changes, such as in¬ 
flammation and ulcera¬ 
tion, and, as a result of 
chronic inflammatory 
changes, may later be¬ 
come thickened and form 
multiple polypoidal over¬ 
growths. 

Particular interest 
attaches to the patho¬ 
logical changes in the 
lower end of the oeso¬ 
phagus, and in regard to 
these there are many 
conflicting observations. 
Most observers are agreed 
that there is, during life, 
undue narrowing of the 
oesophagus at the dia¬ 
phragm, and that usually 
^ lliei'e is no organic lesion 
to which the narrowing 
may be attributed. The 
muscle of the oesophageal 
wall, except in rare cases, 
is not hypertrophied at 
the point of narrowing 


compared with above, 
nor is there usually any fibrous stricture, and, indeed, in contrast to the 


dilatation and hypertrophy higher up, the lower end of the oesophagus is 
almost normal in appearance. In advanced cases there is sometimes con- 


9|^9,b}e diffuse fibrosis which may lead to organic stenosis at the lower 
of the cBSophagus. Examination during life by means of bougies 
or the oesophagoscope has yielded contradictory evidence, for whereas 
'some observers have found the lower end of the oesophagus con¬ 
strict^ and spastic, others maintain that it is opened and closed on 
respiration just as in the ncnnnal subject. When palpated by the finger 
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during gastrotomy the lower end of the oesophagus feels somewhat 
tight and it yields only gradually to dilatation. Ra<liographio examina¬ 
tion after the administration of opaque fluid shows that the lower end 
of the oesophagus terminates in a funnel-shaped or tapering cxtrt'mity 
which passes rather abruptly to the left towards the eardia. Some¬ 
times from the weight of the contained fluid the lower jiart of the 
oesophagus sinks below the level of the oesophageal opening in the 
diaphragm, and then the conical outlet appears to lead from the side 
of the oesophagus a short distance from its lowest point. A residue of 
the opaque medium may be observed several hours after its ingestion. 
Intermittent vigorous contractions of the a-sophagus are obvious on 
fluoroscopic examination. 

The Cause of the Disease. Since Ilannay, in 1833, first described 
' its principal features, there have been many \'iews as to its causation, 
and only recently has its a-liology been made mort; clear. Formerly 
its origin was attributed to such factors as congenital malforination, 
phrenospasm and spasmodic contraction of the cardiac sphincter 
(cardios})asm). 

The view now held is that the dilatation and hypertrophy develop 
gradually and are for a time a result mainly of functional obstruction 
due to achalasia or lack of relaxation of the lower end of the oesophagus. 
The cEsophagus, like the remainder of the alimentary tract, is supplied 
by sympathetic and parasympathetic fibres. The sympathetic fibres 
reach the lower end of the oesophagus vid the thoracic sympathetic 
chain, the splanchnic nerves, and the coeliac plexus (alongside the left 
gastric artery); the parasympathetic fibres are from the vagi. Knight’s 
experiments showed that parasympathetic denervation in cats produced 
a condition analagous to cardiospasm ; and that it could be relieved by 
severance of the sympathetic nervous contributions. Only partial 
success followed sympathetic denervations in cardiospasm in man, 
probably on account of interruption of only a few of the nervous 
pathways. 

ULCERS IN THE (ESOPHAGUS 

Ulceration of the mucous membrane of the oesophagus may result 
from the abrasion by a foreign body, careless instrumentation or burning 
by corrosive fluids. Following wasting diseases, so-called decubitus 
ulcers have been found at post-mortem at the upper end of the oeso¬ 
phagus. Ulcers of tuberculous origin are exceedingly rare. 

Most interest is attached to peptic ulceration of the oesophagus, 
which is relatively conunon, either in association with peptic ulcer of 
the stomach and duodenum or independently. The ulcer may be of 
the acute or chronic variety, and is always situated at the distal end 
of the oesophagus. It has been aso-ibed to heterotopic islets of fundal- 
type mucosa, which are found occasionally in the oesophagus. 

An acute ulcer is small, superficial, and usually multiple; it may be 
responsible for heematemesis. 

A chronic ulcer is usually single, and has the same anatomical 
characteristics as a similar ulco* in the stomacii. It may give rise to 
severe and fatal hematemesis, but perfection into the mediastinum, 
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pericardium or peritoneum is a more common cause of death. A 
fibrous stricture may follow healing of the ulcer. From the practical 
aspect, gastrostomy may be rendered necessary to promote healing of 
the ulcer or to facilitate treatment of cicatricial stenosis. 

TUMOURS OF THE (ESOPHAGUS 

Simple tumours in the oesophagus are rarities. Those reported are 
submucous lipoma, fibroma and leiomyoma. Tliey may be sessile or 
pedunculated, and may assume considerable length. The larger ones 
may cause obstruction of the oesophagus. 

Cancer of the (Esophagus 

Carcinoma is much the most frequent cause of obstruction of the 
oesophagus. Cancer at this site—in contrast with other parts of the 
alimentary canal—has, despite enormous endeavour, given relatively 
scant reward to surgical efforts. The failure is not due to any peculiar 
quality of the growths (except that they are often advanced when first 
recognized), and the patient’s strength and resistance are depleted at an 
early stage, so he is ill-fitted constitutionally to bear the burden of a 
severe intrathoracic operation. 

Like cancer of the mouth, cancer of the oesophagus may owe its 
origin in some ineasure to chronic irritation. Except in the cervical 
portion, where the sex ratio is about equal, the disease is much more 
common in men than women (5:1); therefore, tobacco juice, alcohol, 
excessively hot food, etc., have been held resjjonsible for irritating the 
mucous membrane. The disease is commonest after the age of fifty. 
Leukoplakia of the oesophagus is commonly observed in old subjects, 
and its presence is often noted in the neighbourhood of a carcinoma, 
anid, as in the tongue, it has been regarded as a precancerous condi¬ 
tion. It cannot be claimed that syphilis has any relationship either 
through its systemic effects or by producing any local predisposition. 

Statistics vary as to the frequency with which different parts of the 
oesophagus may be affected. Growths tend to appear with greatest 
frequency at those parts of the oesophagus that are subjected to nar¬ 
rowing by the arch of the aorta, the left bronchus, and the diaphragm. 
Without doubt the most common site is at the level of the arch of the 
aorta or just below it. Next in frequency is the lower part of the 
oesophagus, a few centimetres above the diaphragm, and that part 
may also be involved by carcinoma extending from the cardiac end of 
tlie stomach. Primary cancer in the cervical part is rare, but there 
may be extension from the pharynx. Dual growths have been met 
with in the oesophagus as in other parts of the alimentary canal. There 
is no evidence that the malignancy of carcinoma of the oesophagus 
varies at different levels. 

Type* of (growth. Cancer of the oesophi^s presents itself in two 
jpMumon forms: (o) a flat ulcerating type of growth; {h) a polypoidal 
or cauliflower type. Intermediate types are qmte common. In rare 
cases an infiltrating scirrhoiu type tihat t^iEtends oviar a wide area of 
the gullet may occur. 

*^0 majority of malignant &e 
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histological features of a squamous-cell carcinoma, but kcratinizatiun 
and cell-nest formation are usually lacking. Sometimes a glandular 
type of carcinoma is found, and it is believes! to originate in the 
mucous glands, although it has been suggested tliat hetc'rotopie gastric 


mucosa or embryonic epithelium in the 
wall of the cesophagus may explain its 
occurrence. . Basal-cell carcinoma of un¬ 
differentiated type is met with in a con¬ 
siderable number of cases, but, unlike tlu* 
common busal-cell carcinoma of the skin, 
it is always malignant. 

Morbid Anatomy. At first the disease 
_ is confined to the mucous membrane and 
involves a limited area, but by extension 
it gradually encircles the gullet. It is 
stated that the lumen may be reduced to 
5 mm. before dysphagia occurs. Longitu¬ 
dinal spread is slight in the scirrhous type, 
though in the cauliflower type it may bt 
considerable. The ulcerating tyjie causes 
lo(!al thickening of the oesophageal wall, 
and has nodidar, raised and everted edges 
of irregular outline. The older ulcerated 
portion is hollowed out and the wall of 
the oesophagus may be much reduced in 
thickness at this site, and thus lead to 
perforation. Polypoidal growths have a 
lobulated or villous apfiearance, with a 
friable surface that ulcerates and bleeds 
readily, and when inspected is generally 
coated with a blood-stained foetid dis¬ 
charge. Such a tumour produces obstruc¬ 
tion by its bulk rather than by any changes 
effected in the wall of the oesophagus. 

The oesophageal wall above a growth 
is redder than usual from increased vas¬ 
cularity and appears relatively immobile 
and stiffened. Patches of leukoplakia are 
commonly noted in the neighbourhood of 
the tumour. Hypertrophy of the muscle 



and dilatation of the lumen are rarely more Pio. 2(W. Carcinoma of the 
than slight. distal part of the ceso- 

Mode of Spread. Carcinoma of the phagus. 
oesophagus shows considerable variation in 
its rate of growth and dissemination. In 

some cases the tumour may grow slowly during a period of a |^r of 
more without extending externally and without involvement 6t the 
lymph glands ; whereas in others it may involve a considerable part of 
the oesophagus and rapidly invade surrounding structures, or give rise 
to secondary dq)Osits in lymph glands or even distant parts. Spread of 


B. MTH. 


15 : 
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the disease is mostly by direct extension and infiltration ; when the 
muscular coat is penetrated local perimsophagitis occurs and fixes the 
oesophagus to the mediastinal structures, which may later become 
involved in the growth. Lymph vascular spread is fairly common and 
is present in at least 50% of cases at autopsy. A growth in the cervical 
part of the oesophagus may cause enlargement of the cervical lymph 

glands on one or botii 




sides of the neck. In 
the thorax the medias¬ 
tinal lymph glands 
may be involved ; and 
the glands at the cardia 
may be involved even 
though the tumour is 
in the midzone of the 
oesophagus. In 
growths at the lowest 
part of the oesophagus 
the coeliac lymph 
glands have been found 
enlarged and there may 
be metastases in the 
liver. Distant spread 
by the blood stream 
is unusual; its occur¬ 
rence has been noted 
as a result of invasion 
of the thoracic duct or 
of the pulmonary veins. 

Complications. 
Many secondary com¬ 
plications may ensue 
when an oesophageal 
cancer spreads out¬ 
wards or invades ad¬ 
jacent viscera. Acute 


Fio. 208. Radiogram of an early carcinoma of the perforation may OCCUr, 

tmitis, and widespread 

subcutaneous emphysema. Perforation is sometimes gradual and an 
abscess develops. Invasion of the trachea, or a bronchus is of relatively 
frequent occurrence and leads to aspiration pneumonia. Penetration of 
the lung with resulting abscess or gangrene is a common tenninal feature, 
but invasion of the pleural cavity with resulting empyema is much 
less common. In the neck and the upper part of the thorax one 
or other of the recurrent lar)nigeal nerves may be involved in the growth. 
The left recurrent nerve is of greater, length than the right and 


consequently is more frequeni^ imp^cd|^. Secondary involvement 
of the thyroid gland inay'in ,t}ie cervical part of 
tthe oesophagus, and such'an" ifisiiteansiofi t^y be — e — 

primary tumour of the thyioidl^and* 
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When obstruction occurs, emaciation, sometimes with much 
toxemia, is usually rapid, and it is not checked unless early relief is 
afforded by gastrostomy or other means. When the stomach is exposed 
at operation it is usually found to be smaller than normal from prolonged 
reduction in its activity. 
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CHAPTER XXII 


DISEASES OF THE STOMACH AND DUODENUM 

PHYSIOLOGY OF GASTRIC SECRETION AND MOTILITY 

The stomach has several functions. It acts as a mixing chamber for 
food, cools or warms it to the temperature of the body, fehd^ it fluid 
for its passage "^along the intestine, and secretes pepsin and hydro¬ 
chloric acid b>r the first stage of protein digestion. In addition, it 
produces an internal secretion concerned with haematopoiesis. 

Gastric Sccrctlonr The acid secretion is j)r()duccd by ox yn tic cells 
in the sin) 2 )le tubular glands of the stomach wall, and, as Pavlov showed 
many years ago, the acid is produced in greatest amount at the cardiac 
end of the stomach, ^whereas the secretion is neutral or even alkaline 
near the pylorus.^ 

The flow of acid juice is inllucnced by psychic stimuli and by various 
kinds of food—^api)etising meats and spiced foods cause a rapid out¬ 
pouring of juitA;, whereas bread or albumen-water yields practically 
none. The concentration of acid, however, is maintained at a remarkably 
constant level, and variations in gastric acidity in health and disease 
depend principally upon departures from the normal process of neu¬ 
tralization. Neutralization is effected in health by many factors, but 
principally by the alkaline iianereatic juice. In normal circumstances 
there is frequent regurgitation of this fluid through the pylorus into the 
stomach, and when sfinsm or impaired pyloric control prevents this 
regurgitation the acidity is increased. 

Gastric Motility, The motor functions of the stomach are con¬ 
cerned with the I>ro}wr mixing of the food and with its despatch into 
the duodenum. Thc*v’holc stomach is normally in a state of tone, the 
d%rcc of which varies greatly even in health, and is naturally"greater 
in tliose of sthenic build than in visccroiitotic persons. The tone is 
interrupted at intervals by contractions, the most important of which 
are true peristaltic waves, which sweep across the stomach as far as the 
pylorus. On the fluorescent screen the waves appear to start at the 
mid-point of the stomaeh, and increase in depth and intensity as they 
progress. In the later stages of digestion, as the stomach empties, the 
waves appear at progressively higher points, so that eventually they 
may be observed to sweep over the whole organ. In addition to this 
peristalsis, the pyloric canal may exhibit another type of muscular 
- activity, in which it contracts as a whole, independently of the rest of the 
stomach. 

The discharge of gastric contents begins very soon after a meal, 

and at the cndl of from three to five hours the stomach should be 

... 



V PEPTIC ULCER 453 

"X - ' 

Pyloric Mechanism. The action of the pylorus is of great import ance 
in relation to gastric and duodenal disease. It rcgjilatcs, on the one hand, 
the discharge of suitably prepared food into the duodenum, and, on the 
other hand, the proper regurgitation of alkaline juiec^s into the stomach. 
The pylorus is guarded by a well-defined sphincter imiervated both by 
the vagus and the sympathetic nerves, the former inhibitory, the latter 
motofTh function. Normally, the pylorus iS in a mild degree of tonie 
contraction, wdiich is scarcely sufficient to close its lumen, and is easily 
overcome by increased pressure in the stomach or in the duodenum. 

It was believed by Pavlov, and later by Cannon, that there is an 
“ acid control of the pylorus,” so that excessive discharge of highly acid 
chyme into the duodenum is prevented by reflex contraction of the 
sphincter. It has been shown recently, however, that the sphincter opens 
and closes whatever the chemical reaction of the contents may be, and 
even the direct application of hydrochloric acid through a duodenal 
tube does not necessarily cause the pyloric sphincter to contract. 
Radiological examination indicates that the sphincter relaxes usually 
at every third or fourth peristaltic wave, and that increased gastric 
acidity has only a slight retarding influence ujion the emptying process. 

Gastric and Duodenal Pain. Gastric and duodenal pain may be 
severe and incapacitating, yet the stomach and duodenum like other 
abdominal viscera are insensitive to direct stimulation, and when the 
abdomen is opened under local ana;sthesia they may be cut, clamped or 
cauterized painlessly. 

The pain of an ulcer occurs when gastric acidity is at its highest 
concentration, an hour or two after food, and for this reason it has been 
thought that the pain is due to the direct acid stimulation of exposed 
nerve endings. But similar [lain may occur without ulceration and 
without hyperchlorhydria, in patients in whom no gross organic lesion 
is recognizable. It is not uncommon, fur example, to find such pain in 
chronic appendiceal disease. For these reasons Hurst has suggested 
that the pain is not due directly to increased acidity, but rather to 
spasm or to stretching of the muscle fibres. In this way can be explained 
tllC^pid relief of pain which sometimes follows eructation, and it is 
possible that part of the virtue of such alkalies as sodium bicarbonate 
lies in stimulating eructation by the rapid liberation of carbon dioxide. 
Diminution of acidity no doubt assists to relieve spasm. 

It is notable that a peptic ulcer may remain completely painless 
during long periods, though demonstrably not healed. This would 
suggest that the pain is mainly due to superadded inflammation. 
Kinsella quotes observations which show fKat“ whilst the normal 
stomach, exposed under local anaesthesia, is insensitive to pressure, 
manipulation of the stomach in the region of an ulcer is painful. He 
attributes the pain of peptic ulceration to congestion and consequent 
increased tension within the stomach wall. 

PEPTIC ULCER 

Peptic ulcers may develop on any portion of the alimentary tract 
exposed to the action of the gastric juice. The great majority occiiir in 
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the stomach and duodenum, and such gastric and duodenal ulcers ■will 
be described in'dctail in this chapter. It will not be out of place to 
mention at this point, however, that peptic ulcers of similar type occur 
also in the distal portion of the oescy^hagus {see p. #47), in the jejunum 
after the performance of gastro-jejunostomy {see p. 464), and rarely in 
other parts of the small intestines {see p. 407). 

Acute Ulcer 

It seems possjJ?le that all ulcers are at first acute. Acute ulcers may 
be single, but they are often multiple, and may occur in any part of the 
stomach or the duodenum. They arise from a variety of causes, and are 
common in the later phases of many acute infective and toxic conditions. 
The duodenal ulceration that follows extensive bums belongs to this 
category. Acute ulcers are round or oval, and at first they are mere 
^rosions of the mucous membrane. If thisy extend they penetrate the 

g rper coats of the wall by progressive sloughing, which diminishes in 
ent as the ulcer deepens and gives the ulcer a characteristic terraced 
)eaiance. Acute ulcers are apt to erode arterioles, and to cause 
l)isi|;norrhagc. ^css commonly they penetrate all the coats and perforate 
sii^denly into the general peritoneal cavity^ Microscopically, there is 
often a striking absence of inflammatory change, and apart from some 
oed^a the su:^6unding wall may show little deviation from the normal. 

The great majority of acute ulcers undoubtedly heal rapidly within 
a few wcffks of their onset and do not recur. Only relatively few persist, 
but this small proportion of chronic ulcers forms the bulk of those seen 
by the surgeoiu 

Chronic Ulcer 

Chronic ulcers show a remarkable tendency to be restricted to 
certain very limited regions in the stomach and duodenum. In the 



Fio. 204. Sites of peptic ulceration. The shaded portions indicate the 
sites of the great majority of peptic ulcen. 


stomach the “ ulcer-bearing area ” includes the smaller curvature and 
the adjacent anterior and poste^r surfaces, fK)iiriihe "oesophageal 
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orifice to about inches from the pylorus; sin the duodenum the area 
sffehted is J to 1 inch from the pylorus^'' It has been estimated that 90% 
of chronic ulcers are found in these situations. LThe pylorus itself is but 
uncommonly the site of ulceration (5% to 10%), and the great majority 
of so-called pyloric ulcers are actually situated in the duodenum. The 
greater curvature, fundus and cardia are only very rarely affected. 

Two or more chronic ulcers frequently coexist. “ Kissing ” 
duoden^ ulcers arc common, and coincident gastric and Bhodcnal 
ulcers are sometimes found. Failure to recognize such a coincident 
ulcer accounts for some of the unsatisfactory results of operation. 

Frequency and Incidence. Surgical statistics show that chronic 
ulcers occur more commonly in the duodenum than in the stomach, and 



Fig. 205. Duodenal ulcers. Two ulcers, characteristically small and 
rounded, arc situated on the anterior and posterior wall respectively, 
about 1 cm. beyond the pylorus. The anterior ulcer has perforated. 

that while gastric ulcer is equally common in the two sexes, ^uodenal 
ulcer is far more frequent in men than in women. * Wilkie states that in 
800 cases, the proportion of duodenal ulcer to gastric ulcer was 8*8 to 1, 
and duodenal ulcer occurred three times more commonly in males than 
in females. Ulcers are rare in childhood and adolescence, and the 
great majority occur in adult life, the incidence being greatest in the 
third and fourth decades. Ulcers are very common in Great Britain 
an?^orth America and in certain parts of Lidia, whereas they are 
extremely rare in certain other countries, notably China. This incidence 
is no doubt attributable principally to the dietary, which includes a high 
proportion of meat and highly spiced foods in the former countries, and 
is almost wholly vegetarian in the last-named country. 

Meurbid Anatomy. Duodenal ulcers are round or oval. Grastric 
ulcers, at first round, may smaller curvature, to assume 

a saddle shape, and may readi large The ulcer is surroundfd by 
smooth mucosa which approactres or 'Overhangs the crater. THe 
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excavation has a regular, sharply defined edge, and its walls are vertical, 
extending steeply to the floor of the ulcer, so IJhat often there is a 
typically “ punched out ” appearance. It is important to recognize 
that almost invariably there is a complete breach of the muscle coat, 
no trace of which is recognizable in the floor of the ulcer. The ulcer 
extends most frt;qucntly to the subscrous .feyer, which is fibrous, 
cedematous and thickened. When the viscus is exposed at operation 
the only visible indication of the ulcer may be this thickened subserosa, 
stippled with numerous capillary vessels. In other cases, the external 
signs of an ulcer arc more obvious; the peritoneum is puckered and 
scarred, o’di'matoiis tags of omentum cover it, and there may be 
adhesion to other organs. 

When the ulcer is spreading, small sloughs extend beyond the 
margins of the crater, satellite acute ulcers appear in the neighljouring 



Fiu. 200. Chronic gastric ulcer, situated near the smaller curvature of 
the stomach, and invading the pancreas. Note the fibrosis and in- 
drawing of the surrounding mucous membrane. (After Cniveilhier.) 


mucosa, and, in addition, a varying degree of catarrhal inflammation is 
present. 

Microscopically, the floor and margins of the ulcer show the changes 


characteristic of a chronic inflammatory process. The crater is lined by 
necrotic material, and this is surrounded by dense fibrous tissue con¬ 


taining areas of lymphocytic or polymorph infiltration. Often there is 
a considerable degree of endarteritis obliterans, and this is of importance 
in diminishing the tendency to excessive haemorrhage. Newcomb has 
drawn attention to another feature chara<*teristic of chronic ulcers, 


namely, that the muscle fibres at the edge of the ulcer are spread out 
fanwise and eventually approximate to and fuse with the fibres of the 
muscularis mucosae. At, the margin of the ulcer the epithelium is 
distorted by the fibrous tissue, and the tubules of the mucosa are 
dilated and irregular in shape ; this is a point of some importance, for 
the distortion and irregularity may simulate cancer. 


>£tiology of Peptic Ulcer 

Since peptic ulcer occurs only in those parts of the alimentary tract 
to which the gastric juice has access, it is clear that the iipmediate cause 
of the ulcer is erosion ,by-,|]b^tic digestitm. The normal mucous mem¬ 
brane is immune to such di^stipn j: it follows, therefore, that the 
formation of an ulcer ma^ rdsuit ^t^’!,'from loss of this protective 
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immunity or from augmentation of the digestive- activity of the juice. 

It has been suggested that the mucous membrane is devitalized as 
a result of thrombosis in one of the end arteries of the stomach wall 
(Virchow) or of infection (Rosenow), but of this there is little evidence. 
On the other hand^tlicre is a good deal of support h)r the view that 
increase in the digestive activity of the jui<'e is at least one of the 
factors involved. Hyperehlorhydria almost invariably accompanies 
ulcer of the duodenum p in gastric ulcer it is not so common, but here 
the acidity may be masked by the gastritis which is commonly presoit. • 

Recent observations emphasize the importance of a constitutional 
predisposition to ulet-r. A familial tendency is evident in over 10% of 
cases and is sometimes very striking. Draper has drawn attention to a 
special anthrojiometric type which he believes to be associated with the 
predisposition to ulcer, a type eharacteriz('d by a particular fa(-ial 
conlbrmatioii —a long narrow face with deeply etched naso-labial folds— 
ai\d by certain special features of cranial shape. 

But the clearest evidence of a predisposition is to be found in the 
nervous constitution or temperament of ulecr patients, who are commonly 
of the type described as vagotonic—lean, energt'tie, restless, over- 
conscientious. This tendency is most marked in duodenal ulcer; 
indeed it is quite exceptional to see a duodenal ulcer in any other type 
of person. In gastric ulcer the tendency is less clear. 

The relation of peptic ulcer to nervous tension is supported by 
much clinical evidence ; for example, the high incidence of ulcer in 
executives and j)rofessional men, tlu; rapid relief of symptoms brought 
about by resting in bed or going on holiday, and the Irequcney with 
which relapses follow periods of emotional strain. In this latter conneo 
tion, Davies and Stewart have shown that hicmatemcsis commonly 
follows shortly after acute worry over financial, domestic or family 
dilTiculties. Similarly it has been shown that the incidence of perfora- ^ 
tions is increased during periods of anxiety, for example in districts 
subjected to intense air bombardment. 

These observations suggest tluit the cause of peptic ulcer is to be 
found in a disturbance of the imiervation of the stomach. The stomach 
is supplied by both vagus and sympathetic fibres, and while their 
effects are by no means clear or distinct, it may be said, in general 
terms, that the action of the vagus is both motor and secretory, while 
that of the sympathetic is to antagonize these actions. Thus a pre¬ 
ponderance of vagus stimulation leads to increased motility, with 
spasm, and to increased secretion, with hyperehlorhydria. 

It is known, moreover, that the vagus centre in the hypothalamus 
is affected markedly by stimulation from the higher centres. In conse¬ 
quence the stomach is very sensitive to psychic and emotional influences. 
Pavlov’s experiments on dogs submitted to sham feeding showed how 
the mere sight of food stimulated the secretion of gastric juice ; while 
recently Wolf and Wolff, by observations on a man with a gastric 
fistula, have shown that not only the secretion but also the motility 
and vascularity of the stomach are influenced by nervous stresses. 
Indeed, it may be said that the stomadi is the mirror of emotions ; it 
may blush with shame or grow pale with rage, writhe in anger or ^iffen 
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with fc-ar.' The importance of these reactions in relation to peptic 
ulcer iici'ds no emphasis. 

It sc‘<;ms probable that in a patient thus predisposed, the formation 
of the ulcer may be determined by a variety of factors—^tobacco smoking, 
focal sepsis and the like. Somervell has suggested, on the basis of his 
experience in Travaneorc, that the mucous membrane may be devitalized 
as a result <»f vitamui delxeiency ; but in Great Britain and America, 
where ulcer is conunon in every social class, the influence of diet is 
]>robably v<Ty slight. The manner of eating, on the other hand, may 
be quite important. Ulcer patients commonly eat their food too hot 
and too quickly, and it may well be that the unmasticated coarse lumps 
traumatize the mucous membrane and thus render it liable to ulceration. 

The precise localization of chronic ulcers to the “ ulcer-bearing 
sites ” (p. 454) provides further evidence of the importance of trauma 
as an ajtiological factor. The lesser curvature and adjacent surfaces of 
the stomach constitute the principal food route or “ magenstrasse ” 
along which jxasses the great bulk of food entering the stomach, and this 
area is consequently subject to more than its share of wear or tear. 
Similarly, the duodenal ulcer-bearing areas are situated just where the 
wall is exposed to the full force of the highly acid chyme expelled 
through the pylorus. 

Course, Complications and Sequelae of Ulceration 

A remarkable characteristic of chronic ulcers is the periodicity of 
the clinical features, phases of complete freedom from symptoms 
alternating with phases of discomfort. It is difficult to believe that the 
free intervals indicate temporary healing of the ulcer, but rather it 
would seem that they represent phases of quiescence. True healing of 
an ulcer of any considerable size can probably not be achieved under 
the most favomable circumstances in less than several weeks, and if 
extensive adhesions are pi’csent tin; jjcriod rc'quircd must be longer still, 

Haematemesis and Melaena. The occurrence of bleeding, in the 
form of a slow ooze from the raw surface, is very common, especially 
when the ulcer is ih an active spreading phase, and the examination of 
the freces for occult blood is an important part of the clinical investiga¬ 
tion. More copious hjemorrhage occurs less commonly, giving rise to 
obvious meliena or to hsematemesis, and may be so severe as to prove 
fatal. 

According to Buhner, more than 10% of cases admitted to hospital 
on account of hsematemesis prove fatal. 

Haemorrhage may occur in either acute pr^chroniq,ulceration. In 
Buhner’s 678 cases there were 257 acute and 821 chronic. The more 
severe types of haer^r^age are the result of chronic ulceration more 
often than &cute,'!ortIie reason that the indurated fibrous tissue at the 
base of a chronic ulcer tends to prevent retraction of the bleeding 
vessel. It is important to note, however, that severe and even fatal 
hsemorrhage may take ptece from an ulcer so small as to elude careful 
search. This is a point of importance when the question of operative 
treatment is being considered. 

Haemorrhage from an'Ulcer is occasionally so profuse as to cause 
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death within a few hours. This is most likely to occur when a large 
vessel, a major branch or even the main stem of one of the, arteries 
supplying the stomach, is eroded. More commonly, liowever, death 
occurs as a result of continued or recurrent but less profuse bleeding. 
The haemorrhage may not have been copious initially, but is continued 
or recurs during several days or even a few weeks. In cases of repeated 
severe haematemesis, the mortality rate is over 50% (Daivics and 
Nevin). In such cases, if the bleeding is not too profuse, the red cell 
count may be maintained at a moderately high level by mobilization 
of the red cells held in reserve in the bone marrow and spleen, and by 
rapid production of new red cells. The haemoglobin, however, «annot 
be restored so rapidly, and the haemoglobin content of the blood falls 
to 20% or even lower. This impairs the transport of oxygen, leads to 
tissue anoxaemia, and finally brings about a reduction of the tlkali 
reserve (acidosis). 

Peneteation and Perforation.'^^Ulccrs on the posterior wall df the 
stomach or duodenum rarely perforate acutely, but rather tmd to 
penetrate adjacent viscera that have become fixed to the stomach or 
duodenum by adhesions.]^ The pancreas is the viscus most frequently 
penetrated, and the ulcer may exfSid deeply into its substance. In 
the neighbourhood of the ulcer the pancreas undergoes chronic inflam¬ 
matory changes, but it is remarkable that acute pancreatitis is a rare 
complication, and that there is rarely any demonstrable deficiency of 
pancreative function. 

In a few cases a posterior ulcer penetrates towards the li^r, or it 
may give rise to abscess formation in the omental bursa or in the 
subphrenic region. Rarely, a penetrating ulcer may open into the 
transverse colon, forming a gastrocolic fistula. An ulcer has even 
been known, in exceptional cases, to perforate into the jejunum, giving 
rise to a natural gastrojejunostomy. 

Acute perforation into the general peritoneal cavity is now a 
common complication. It lias not always been so. Until the close of 
the nineteenth century it was rare, but since then its frequency has 
increased progressively. Thus in Glasgow between 1924 and 1944 
the disease has more than doubled in frequency. Moreover there 
has been a curious change in incidence. In the nineteenth century 
most perforations were gastric perforations and the majority affected 
women, especially girls aged from eighteen to twenty-eight years. Now 
duodenal perforations greatly exceed gastric (in the proportion of nearly 
seven to 6ne),"'m eif Itfr e ^gfited..iaE Jtnore often than women (again 
nearly twenty to one) and the curve of age incidence is flatter, with 
most cases occurring between twent y-five and_ forty-five years.A 
perforated gastric ulcer is considerably more dangerous than a perforated 
duodenar ulcer, for the perforation is generally of larger size and the 
peritoneal cavity is flooded by large amounts of the highly irritating 
and sometimes infected gastric contents, whereas a duodenal perforation 
is usually small, and such fluid as escapes is less irritating.^'’ 

The ulcer may be an acute one of recent onset, but is far more 
often chronic, as indicated by the clinical history and by the naked-eye 
character of the ulcer. It is true that the clinical history obtained 
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during the agony of a perforation often makes no mention of previous 
indigestion, but careful questioning subsequent to operation will 
generally elicit a cJear history of long-standing stomach trouble. In 
rare cases, a patient may suffer two or even three perforations, either 
of the same or of consecutive ulcers. 

Perforation of an ulcer is due to sloughing of an unsupported portion 
of its floor, probably due in most cases to interference with its blood 
supply. Often the perforation is of large size, half a centimetre or even 
larger, 'ounded or oval and with a smooth, indurated margin. Less 
frequently the perforation is so small as to be classed as a “leak.** 
Such n leaking ulcer is most commonly situated in the anterior wall of 
the duodenum. It permits the escape of a little fluid, which gravitates 
towards the right iliac fossa and may give rise to pain in that area. 



Kio. 207. llour-friilss dcToritiity uf the stomnoh, due to fibrosis round a 
' c;hrurii(! irustric ulcer. 

{Mutieum of Royal College of Suryeone of Edinburgh.) 

A leaking ulcer may become occluded by omental adhesion and remain 
healed, but more often it enlarges gradurdly and assumes the character 
of a complete perforation. 

The peritonitis resulting fi-om perforation of a peptic ulcer is at 
first often non-infectivc, and is due to the irritant action of the gastric 
or duodenal fluids. The peritoneal exudate may be sterile in nearly 
70% of cases (Deaver and Pfeiffer). Owing to reflex inhibition of the 
secretion of acid gastric juice, however, organisms swallowed in the 
saliva or already present in the stomach proliferate rapidly, and in the 
later stages the peritonitis is predominantly infective in type. 

Pyloric or Duodenal Stenosis. This is an end-result of chronic 
duodenal ulceration, and the stenosis may eventually progress to an 
extreme degree. Obstrucstion leads to hypertrophy of the gastric 
musculature and to dilatation of the ston|ach, and this may proceed 
till the viscus fills the greater pwt of the abd0!^c>^< The dilatation often 
affects particularly the pyloric antrum, and thus the obstructed stomach 
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is distended to the right as well as to the left of the mid-line. In 
extreme degrees of stenosis there may be almost eomplete stasis of the 
gastric contents for twenty-four hours or longer. 

When such severe gastric stasis is present, special features may 
be added. There is great dehydration of the tissues, from loss of fluids 
by vomiting and from exudation into the hugely distended stomach. 
Later there are headaches, drowsiness, and even suppression of urine, 
so that the condition may be mistaken for the unemia of late renal 
disease. Lastly, signs of muscular irritability may develop, culminating 
in tetanic contractions of the feet and hands—so-called earpo-pe(hd 
spasms. These features are now recognized to be manifestations of 



Fiq. 208. Hour-glass deformity of the stomach, in a woman aged forty- 
three years. The contracture was due to a chronic gastric ulcer. 

alkalosis, which is due partly to the dehydration and [)artly to loss 
of hydrochloric acid by vomiting and by combination with toxins. 

Hour-glass Deformity. The great majority of examples of this 
deformity are the results of chronic gastric ulceration, but a few arise 
from malignant disease, or from perigastric adhesions. Exceptionally 
the deformity is congenital. Wqpacn arc affected in more than 90% 
of cases. The contracture usually follows intramural fibrosis around 
an ulcer. It is usually situated nearer to the pylorus than to the 
fundus, and consequently the proximal sac is usually the greater. If 
the contracture is at a higher point the upper sac may be entirely con¬ 
cealed by the rib margin and may thus be overlooked during oi>eration. 
The fibrosis has the effect of approximating the greater curvature at 
the affected point to the smaller curyfit^j^, an3 thm the orifice between 
thetwo sacs is never at the lowest point of the upper sac. This is clearly 
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seen in radiograms, in which the o]>aque meal gives a “ water-spout ” 
or “ tea-pot ” appearance. Not infrequently the ulcer heals, leaving a 
thin librmis ring encircling the orifice. In other cases an active ulcer 



Fjg. 209. Ulcer and Cancer of the Stomach. (1) Chronic peptic ulcer. 
The deep cjcater. has penetrated the inuscic coat, and its floor is com¬ 
posed of thickened, fibrous subscrous coat. Note the large blood 
vessels embedded in fibrous tissue. (2) Ulcer-cancer. Malignant 
change in a pre-existing peptic ulcer. Epithelium from the mucous 
membrane at the edge of thecrater is proliferating and spreadingdeeply. 
(8) Ulcerating cancer of the stomach. The crater is raised above 
the level of the mucous membrane. Its floor is composed of necrotic 
tumour tissue. 


may remain, surrounded by a large inflamnuiLory mass and adherent 
to adjacent structures.'^ Quite commonly the hour-glass deformity is 
^accompanied by pyloric stenosis—hence the lower sac may likewise 
^come greatly dilated. 

Maligiumt Change in a Chronic lllc«r. Ihis change, the so-called 
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carcinoma ex ulcere or tjlccr-cancer, may follow gastric ulcer but ju vor 
duodenal ulwr. 

It is important al once to distinguish clearly careinoma ex ulcere 
from a jmmary careinoma in which secondary ulceration has taken 
place. The distinction is best made by cutting across the ulcer. A 
primary peptic, ulcer of any considerable size has one very striking 
fe atur e, namely, tiiat it penetrates the muscular coat of the stomacli 
and""erodcs a large circular' gap in it. /A primary carcinoma, on the 
other hand, though it penetrates antPinvades tlie niuseh*, ij(n*s not 
destroy it entirely, and traces of muscular fibres may be recog'nizcft 
in its substance to quite a late stage (Wee Fig. 200), 

Freqwncy of Malignant Change. The frequency of malignant 
change i>i gastric ulcer is a subject which in recent years has been 
much debated. It is obviously important from the therapeutic stand- 



Fuj. 210. Ulcer-cancer of the stomach. A large penetrating crater of u 
chronic ulcer is surrounded by an irregular, raised, indurated carcinoma. 

{liy covrtesy of Mr. J. M. Qraham.) 

point, for an ulcer that might otherwise be considered suitable for 
medical treatment cannot justifiably be dealt with medically if it is 
likely to become malignant, and the same consideration obtains in the 
choice of conservative as opposed to radical surgical methods. 

The estimates formed by different observers of the frequency of 
ulcer-cancer show wide variations, according to tJic criteria upon 
which the diagnosis is based. The problem may be approached from 
the pathological standpoint, cither by examining pefdic ulcers for 
evidence of malignancy or by examining carcinoma for evidence of 
old ulceration ; it may be approached from the clinical standpoint by 
examining case histories and “ follow up ” records. 

(1) A large proportion of chronic peptic ulcers contain near their 
margins small groups of atypical epithelial cells arranged in clumps or 
irregular tubules. Some pathologists have regarded these cells as 
evidence of early malignancy and have formed a high estimate of the 
frequency of ulcer-cancer. Others, however, look upon such atypical 
appearances as due to simple hyperplasia or to distortion by fibrosis, 
and their estimate is correspoadingly much lower. 
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(2) When gastric carcinomata are examined the diflSculty is to 
assess the evidence of pre-existing simple chronic ulcer. According to 
Newcomb, there are three histological criteria upon which this diagnosis 
can be based : (a) a. complete gap in the muscle tissue of the stomach, 
(b) old-standing fibrosis in the base of the ulcer, (c) approximation or 
fusion of the museularis mucosaj and the main muscle layer at the 
margin of the ulcer. Applying these criteria to 200 specimens of ulcer 
or carcinoma, Newcomb found six cases in which there was definhe 
evidence of carcinoma originating in a simple ulcer. 

(8) On the clinical side, the liistory of chronic dyspepsia in a case 
of gastric carcinoma is strong presumptive evidence that the growth 
has originated in an ulcer. Investigations from this standpoint have, 
however, given widely varying results. 

More reliable figures may be obtained by following up the after-history 
of patients known to have a chronic ulcer. This has been done by 
Balfour, in cases subjected to the therapeutic test of conservative 
surgery. In his series <if 1,280 cases, mainly treated by simple gastro¬ 
jejunostomy, lcss<»thaii 0% eventually developed carcinoma of the 
stomach. Even in these cases, moreover, proof was lacking that the 
growth originated in the ulcerated portion of the stomach. 

Since the observations of competent workers show such wide 
variations, it is difli(‘ult to form an accurate estimate of the fretiucncy 
of ulcer-cancer. It is probably true, however, to say that most autho¬ 
rities believe that not more than 6% of chronic ulcers become malignant, 
and not more than 10 % to 15 % of gastric carcinomata arise from chronic 
ulcers. 


Gastrojejunal and Jejunal Ulcer 

iJiccrs at or near the stoma constitute a particularly disturbing 
and troublesome complication of operations for peptic ulcer, and they 
are largely responsible for the dissatisfaction which, rightly or wrongly, 
has been felt in recent years in regard to this type of surgery. 

Anastomotic ulcers occur nearly always in males, apd as a com¬ 
plication of operations for djjodenjjil ulcer I^^They are rare following 
operations for gastric ulcer, and almost unknown in cases of gastric 
carcinoma. 

The frequency of anastomotic ulceration has been the subject of 
much controversy. It has been variously estimated as occurring after 
1 % or as many as 15% of gastric operations. The most reliable statistics 
are those of Walton, who followed up every one of 1,859 gastric and 
duodenal cases operated upon by himself. In this series, gastrojejunal 
ulcer developed thirty times, an incidence of 1*6%. In twenty-nine 
cases the primary operation was for duodenal ulcer, in the remaining 
case it was for gastric ulcer. 

The type of primary operation most likely to be followed by ulcera¬ 
tion at the anastomosis is gastrojejunostomy, but gastrectomy and the 
various types of gastroduodenostomy are not immune. In Walton’s 
series, gastrojejunal ulcer occurred in 2*2% of the cases subjected to 
gastrojejunostomy and in 0*48% of those subjected to partial gastrec¬ 
tomy. It is generally thought that anterior gastrojejunostomy is 
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more liable to this complication than the iK)sterior operation, although 
this view is not home out by Walton’s investigation. 

Secondary ulceration is most likely to arise in the presence of that 
most important factor, an in crease d acidity of the gastric juice. The 
importance of this is demonstrated T)y””the fact that in spite of the 
added neutralization afforded by the anastomosis, 70% of cases of gastro- 
jejunal ulcer show persistent hyperehlorhydria. For this reason a 
patient with much hyperehlorhydria, being particularly liable to 
secondary ulceration, should not be submitted to gastrojejunostomy. 
There is some evidence to suggest that the hyperehlorhydria is a con¬ 
genital, and perhaps a familial disorder. It is noteworthy that s<»me 



Fig. 211. (Jastro-jejunal ulcer. A deep ulcer is seen immediately on the 
jejunal side of the anastomosis. Death resulted from haimorrhage 
from an artery which can be seen at the right side of the crater. 

(By (Murtegy o] Prof. J. W, 8, lilaekloek.) 

patients are particularly prone to develop anastomotic ulcers, whatever 
the type of operation performed. They may develop new ulcers succes¬ 
sively after repeated operative interference. 

Formerly it was usual to attribute an important role in the formation 
of anastomotic ulceis to local agents resulting directly from the ojicrative 
procedure, e.g., torsion or other malposition of the jejunal loop, clamp 
trauma, the occurrence of a ha:matoma at the suture line, or the irritation 
of an unabsorbable silk thread. Some of these |X)ssibly play a part in a 
few cases, but their importance'is undoubtedly much less than was at 
one time thought. Other predisposing factors include those which have 
been mentioned in connexion with the aetiology of peptic ulcer in 
general, namely, infective foci, tobacco, highly acid foods, irritant foods 
and irregular meals. 
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Gastrojejunal or jejunal ulcers may occur at almost any period 
after operation, from a few weeks to several years. In a large proportion 
of pati(‘ntK in whom this complication develops it is possible to obtain 
a history of pain in the immediate post-operative period, and it seems 
likely that the great majority of ulcers originate then —a point which 
emphasizes the need for careful post-operative diet and alkali treatment. 
Ulcers that first give rise to symptoms later than four years after 
operation are uncommon, although there are cases on record in which 
the symptoms appeared as late as fourteen years after the original 
operation. 

The ulcer may be situated either near the anastomosis, at its margins 
or in the jejunum at some distance from the opening. The majority 
abut on the line of anastomosis, cither on its gastric or jejunal side and 
the suture line forms one margin to the ulcer. According to Walton, 
jejunal ulcers remote from the anastomosis are exceptional. When they 
occur they are situated in the jejunum directly opposite, or a few 
centimetres down the efferent loop, but very seldom in the afferent 
loop, owing to the alkalinity of its contents. In its life history the 
ulcer resembles a chronic gastric or duodenal ulcer, and is equally apt to 
bleed and to perforate into the general peritoneal cavity. It possesses 
a somewhat distinctive feature, however, in a special tendency to 
adhere to neighbouring structures, especially the mesocolon, and to 
form a large inflammatory mass round a relatively small crater. The * 
ulcer is moreover apt to implicate adjacent viscera, particularly the 
colon, and eventually to perforate into it, with the formation of a fistula. 
The fistula may be between the stomach and the colon— gasiro-colic 
fistula; between the anastomosis and the colon— gastro-jejunocolic 
fistula; or between the jejunum and the colon— jejuno-colic fistula. 
The development of a fistulous communication with the colon is sug¬ 
gested by the discomfort which may ensue from one or other or a 
combination of such symptoms as foul eructation or fa'cal vomiting, 
diarrhoea, and wasting. It is noteworthy that when the fistula is well 
established pain may be lessened or disappear as there is a tendency for 
the ulcer to heal. The fibrosis consequent on the healing of the ulcer 
may be responsible for obstruction at the stoma or in the colon. 

Pathological Complications of Operations for Ulcer 

Of all the operations that have been advocated for peptic ulceration 
the most widely adopted has been some form of gastrojejunostomy, 
either by the older anterior or, more commonly, by the posterior method. 
One disadvantage of this operation, remarkably enough, is the great 
ease with which it may be performed, and in former years this led to 
its use in a lai^e number of cases for which it was entirely unsuitable. 
To this, as ^ell as to faulty technique, are attributable the complications, 
which, Uu>ugh rare in comparison to the number of operations performed, 
are so distressing as to have been responsible for the aphorism, “ gastro¬ 
enterostomy—a disease.” 

Reference has already been made to the occurrence of secondary 
ulceratiem at the anastomosis, wl^ich may follow gastrojejunostomy or 



GASTBOJEJUNAL ULCER 


467 


other forms of short-circuiting operation. Ilsniorrhage from a vessel 
at the line of suture, leakage of infective matter into the peritoneal 
cavity (a remarkably rare event), excessive formation of adhesions, and 
other complications which are not peculiar to this type of operation, 
need merely be mentioned. A complication of some frequency is 
pernicious vomitir^, which may be associated with a so-callcd “ vicious 
circle.” It is probably due most often to an improper choice of opera¬ 
tion, for instance, to the performance of gastrojejunostomy where no 
gross organic lesion exists, or where some condition such as a duodenal 
ileus remains unrecognized, but it may arise from errors in operative 
technique, when it is actually a manifestation of a form of high intestinal 
obstruction. In this latter type there is bilious vomiting, which may 
commence within a week of operation and be so severe as to prove fatal. 
More often, however, the onset is longer delayed and the obstruction 
takes a chronic or intermittent form. 

The technical defects that occasion this complication are varied, but 
most commonly there is angulation or kinking of the afferent or efferent 
jejunal loop or even of both. Angulation of the affeu nt loop is likely to 
occur if this loop is made unduly long, when it forms a reservoir for bile 
and pancreatic secretion, the* weight of which, by dragging on the 
stoma, aggravates any existing obstructive element; the contents of 
the loop, forbidden exit vid the stoma, are regurgitated through the 
pylorus. Obstruction at the anastomosis may occur when the transverse 
colon and its mesentery are unduly short, a condititm especially likely 
to be found in obese subjects, and the making of an inade(]uate aperture 
in the mesocolon may have a similar effect. In other cases, and par¬ 
ticularly where the stomach is small and tonic, the jejunal loop is 
drawn up into the omental bursa and is thus kinked. Lastly, obstruction 
may result from less common causes, such as torsion of the jejunum 
during the suturing process, or even volvulus of the afferent loop around 
the fixed point of the anastomosis. 

An occasional complication of posterior gastrojejunostomy is 
herniation of a loop or even of the whole of the small intestine into the 
omental bursa. The resulting symptoms may be very acute and rapidly 
fatal, or they may be chronic or intermittent. Somewhat similarly 
hernia may occur between the afferent loop and the transverse meso¬ 
colon. In this case the intestine remains in the greater peritoneal 
sac. Even more rarely intussusception of the afferent jejunal loop into 
the stomach may occur, and retrograde intussusception of the efferent 
loop has also been described ; in instances of this last complicration the 
gastric acidity has usually been very high, and it may be presumed that 
violent antiperistaltic waves have been excited by this irritation. 


CARCINOMA OF THE STOMACH 

This is one of the commonest of new growths in man, and from its 
malignancy, its insidiousness of onset, and its deep-seated situation, 
it is one of the most difficult to eradicate. It occurs most commonly 
between the ages of forty and sixty, though occasionally it may be found 
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much earlier in life. The male sex is affected more often than the female, 
in the proportion of 8 to 2. 

It is generally believed that there are two important predisposing 
factors—chro nic ga stritis and gastric ulcer. The views held in regard to 
the relationsK^pOT gastric ulcer to carcinoma have already been dis¬ 
cussed, and it will be sufficient to state here that such a relation can 
only be demonstrated in a small proportion, perhaps 10% to 15% of 
cancers. 

Chronic gastritis is doubtless a more common predisposing cause, 
and indeed some authorities claim that it is an almost invariable ante- 



Fig. 212. Carcinoma of the stomach (seen from behind). The growth has 
originated near the pylorus and has spread thence, encircling and 
constricting the pyloric antrum. 

(Departmrnt of Svrijtry, Uiiirfrsiiy of Kdinhurgh.) 

cedent of carcinoma. Chronic gastritis is probably responsible for the 
achlorhydria characteristic of carcinoma of the stomach. 

There are some interesting differences between the incidence of 
carcinoma of the stomach in different countries. In Great Britain, 
carcinoma of the stomach accounts for 22% of all types of cancer in 
man, as compared with 42% in America, 55% in Holland, Bavaria and 
Spain, and 66% in Czechoslovakia. According to Hurst, the differences 
in this country and Holland are mainly accountable by dietetic habits, 
for work;done under his supervision appears to show that the Dutch 
■moke m^re, consume more alcohol and spiced and overheated foods, 
Ohew their food msufiiciently and eat it too quickly. Oral sepsis, which 
is also more comitooh in Holland than in this country, may be another 
predisposing factor. 

It is usual to describe four principal varieties of, gastric cancer; 
<i) the sessi le o r ulcerating, (2) the polypoid or proliferative, (8) the 
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colloid or mucoid, and (4) the atropic or leather-bottle. The fourth 
variety, though rare, is such a distinctive one as to be regarded sepa¬ 
rately, but it should be clearly recognized that the others are not so 
much distinct diseases as deviations from a common type. The great 
majority of gastric carcinomata arc intermediate forms having some of 
the characteristics of all. A fifth type of growth requires also to be 
mentioned, a.squamous-cc‘ll carcinoma, which is occasionally found at 
the cardiac end ; it may be derived from the lower end of the a?so- 
phagus or from heterotopic oesophageal mucous membrane in the 
stomach close to the cardia. 

(1) The Sessile or Ulcerating Form. This is the most common type 
of growth, and is also the most malignant, for it is usually syniptomless 



Fjg. 2ia. Cavuinoma of the stomach. The growth, which has originated 
near the smaller curvature, forms a massive tumour projecting into the 
cavity of the stomach. Note the hypertrophy and “ fragmentation ” 
of the muscle coat. 

(By courtety of Mr. J. M. Oraham.) 

in the early stages, it infiltrates widely, and soon gives rise to metastases. 
It occurs principally in the pyloric region and at the smaller curvature, 
though no part of the stomach is exempt. The growth is of a scirrhous 
nature, hard and fibrous. At first it is confined mainly to the mucous 
and submucous coats, extending widely in these planes ; later it pene¬ 
trates the muscularis to reach the peritoneal aspect. The surface of the 
growth is usually ulcerated, with a shallow crater lined by necrotic 
malignant tissue and with hard, raised, rolled mai^s. 

Microscopically, growths of this type are composed of spheroidal 
or sometimes columnar epithelial cells in a well-formed fibrous stroma. 
The epithelial cells may be arranged in irregular tubules or acini but are 
often scattered irregulwly in small groups. To this latter type the term 
“ carcinoma simplex ” has sometimes been applied. 

(2) The Polypoid or Proliferative Form. This is a less common type. 
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It ^orms a bulky, soft, cauliflower-like mass which projects into the 
stomach. When situated towards the pylorus it tends, in virtue of its 
bulk, to cause some obstruction early in the'disease. The superficial 
part of the growth rapidly degenerates and local surface ulceration 
occurs, leading to frequent haemorrhage, to secondary infection, and to 
early cachexia. 

Microscopically, this type of growth is usually composed mainly of 
columnar cells, arranged principally as irregular tubules or acini; but 
spheroidal cells also are found. The tumour is often soft or “ ence- 
phaloid,” with a scanty, poorly formed stroma, and degenerative 
changes are common. 

(8) The Colloid or Mucoid Form. This variety also occurs as a rule 
in the pyloric region. It is somewhat rare, and is usually regarded as a 



Fio. 214. Cancer of the stomach. The tumour is composed of spheroidal 
and columnar cells in an irregular acinar formation. 

(Depuftvma of Surgery, University of Edinburgh.) 

form of degenerative change rather than a special type, but its charac¬ 
teristics are sufficiently distinctive to merit separate description. The 
tumounion section has a peculiar translucent appearance. A char¬ 
acteristic feature is the tendency of the growth to extend to the peri¬ 
toneal surface. Adjacent structures are invaded, and the liver, spleen 
and other organs may be glued together by a thick casing of gelatinous 
material. Microscopically, the striking feature is the large amount of 
mucoid material, which is situated both inside the malignant cells and 
in jthe stco^atuu Large globules fill the cell protoplasm and displace the 
nucleus to ^e side, giving an appearance comparable to a signet ring, 
saraq^appearance is present in metastases. 

(4) tihe Atxqillic < 1 ^ Leatiier-bottle Form. This is a slow-g[rowing 
carcinoma which spreads entirely in the wall of the stomach, only 
ini^ding lymph glands and distant structures at a v^ late stage. It 
is cliaracteri^ by the prince of mudk fibrems tiskie. Beginning 
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usually in the pyloric region, it extends proxiraally and may eventually 
implicate the whole stomach from the pylorus to the cardia {see Fig. 215). 
In an extreme case, the stomach is greatly contracted, and its cajjacity 
may be, reduced from the average normal content of one to two pints 
to a few ounces. The wall is diffusely indurated, sometimes measuring 
2 cm. or more in thickness, and on its serous aspect it is pale and almost 
pearly white.' The mucous membrane is rugose, and is often oedcmatous, 
congested, and altered by secondary catarrhal changes. In a consider¬ 
able proportion of cases there is an ulcerated area, often in the pyloric 
region, and it is usually presumed that this indicates the site of origin. 
On cross section it is seen that the thickening affects principally the sub¬ 
mucous and subscrons coats, which are inliltrated with dense fibrous 



Fig. 215. Leather-bottle carcinoma of the stomach. The stomach is of 
small size and the whole of its wall is infiltrated and greatly thickened. 

The mucous membrane is cedematous, and being redundant it is thrown 
into folds. 

{Department of Surgery, VniversUy of Edinburgh.) 

tissue. The muscular coat presents a striking appearance, for the 
circular coat is greatly hypertrophied, and its fibres are, in addition, 
traversed by dense white bands connecting the submucous Ind sub- 
serous layers, an appearance often described as segmentation of the 
muscle. Although such great contraction and thickening of the wall is 
present, there is no stasis, but on the contrary food passes into the 
duodenum with great rapidity. 

Microscopic examination shows that the cancer cells are scanty, and 
buried in fibrous tissue, so that examination of several sections may be 
necessary before the malignant nature of the condition can be deter¬ 
mined. The cells are spheroidal, and are scattered through the tissues 
in small clumps rather than arranged in definite masses or alveoli. 

At a late stage of the dis^ae metastases. pc^r in the regional lymph 
glands a.s well as in the liver and mom distent siteations, but for a long 
time the carcinoma remains limit;ed to the stomach. If technical con- 
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siderations warrant the operation, complete excision is indicated, and 
this is the only disease for which total gastrectomy is justified. 

Spread of Gastric Carcinoma 

In any of the types just described the disease spreads at first and 
principally by the lymph channels within the stomach w'all; but in 
most cases, except in the “ atrojduc ” form, at a relatively early period 
it reaches neighbouring lymph glands. Later, the adjacent viscera and 



Piu. 216 . Infiltrating carcinoma of the stomach. A radiogram after the 
administration of barium. The stomach is greatly reduced in size and 
narrowed by the infiltrating growth. 

.tissues are invaded by direct extension, and dissemination may take 
place through the peritoneal cavity and by the blood stream. 

(1) /n the sumach Wall. This early spread, most obvious in the 
infiltrating or leather-bottle type, is nevertheless extensive and im¬ 
portant in the other forms and in particular in the scirrhous, ulcerating 
type. The submucous layer may be infiltrated with pale-white streaks 
of malignant growth far beyond the limits of the actual ulcer, and 
around this visible zone is an even more extensive microscopic spread. 

When the tumour is situated on the smaller curvature, the submucous 
extension is chiefiy in the direction of the cardia, and around the anterior 
and posterior surfaces. Sometimes the car^ac orifipe is involved, 
and secondary cesophag^l obstruction resists. The growth rarely 
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encroaches upon^ the pyloric ring, and the duodenum is oiily likely to 
be invaded from a secondary nodule implanted on its serous surface. 

(2) To Lymph Glands. Metastases in lymph glands frequently 
appear at a very early stage of the disease. The first to be affected are 
usually the glands nearest the tumour and, from the usual situation of 
the tumour on the smaller curvature near the pylorus, two groups in 
particular are liable to early involvement. Tliese are (a) the lower 
coronary group, situated between the layers of the small omentum close 
to the distal part of the smaller curvature, and (b) the pyloric and 
subpyloric group, which are placed close to the first part of the 
duodenum and in the angle between it and the head of tlie pancreas. 

From the low'er coronary group the growth tends to spread to the 
ppper coronary group (rarely these may be the first to be involved) 
and thence to glands along the coeliac artery and to the para-aortic 
chain. The growth may extend in retrograde manner fn)m the coeliac 
artery to reach the lymph glands in the i)orta hepatis, whence the liver 
may be affected. 

From the pyloric and subpyloric; glands the disease may extend to 
the supra-pancrcatic glands ancj glands at the root of the meseiitery. 
A malignant mass in the last situation may compress the third part of 
the duodenum and lead to duodenal obstruction. 

If the ijrimary growth lies near the greater curvature it tends to 
spread to lymph glands of the gastro-cpiploic chain, between the layers 
of the gastrocolic ligament and in the great omentum. Such sprcaid is 
less important, liowcvcr, for these glands in turn drain back into those 
of the subpyloric group. 

(3) To Adjacent Organs. The primary growth may extend directly 
into the pancreas, omentum or liver. Less commonly, there is invasion 
of the spleen and the colon, and occasionally of the jejunum, 

(4) By the Peritoneal Cavity. When the growth has extended to the 
serous surface of the stomach, malignant cells are liable to be set free 
and to traverse the peritoneal cavity. Here they may give rise to 
numerous widely scattered metastases, at first small, like tubercles, 
and later growing extensively, or they may result in one or more large 
masses. These massive peritoneal metastases are particularly apt to 
arise in the great omentum, on the pelvic floor, or on the surface of one or 
both ovaries. In any of these situations a large .secondary mass is liable 
to be regarded as a primary growth, particularly as the primary growth 
in the stomach may be almost symptomlcss. 

(5) By the Blood Stream. This usually occurs at a late stage of the 
disease, but in young subjects may take place early. The liver is 
affected first; later, metastases are found in the lungs, brain, bones and 
other viscera. 


. SARCOMA OF THE STOMACH 

Sarcoma may arise in any of the connective tissues of the stomach 
wall. It is of rare occurrence, constituting about 1% of all gastric 
tumours. It may develop at any time of life, but generally at an earlier 
age than carcinoma. The average age is about forty. 
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The tumour differs in no essential respect from a sarcoma elsewhere. 
It forms a large mass, which undergoes central necrosis early, and forms 
an extensive ulcer from which free haemorrhage may occur. Secondary 
infection leads to rapid cachexia and death. The commonest form is a 
lymphosarcoma, arising in the lymphoid tissue of the submucous coat. 
Sarcoma sometimes arises in a leiomyoma. Round-cell and spindle¬ 
cell sarcoma also' arc described. 

The tumour is situated most often in the pyloric antrum, but is 
rarely so close to the pylorus as to cause early stenosis. Achlorhydria is 
usually present, but this is by no means invariable. It is a remarkable 
fact that occasionally there is little loss of weight until the late stages of 
the disease. 

Atypical forms of lymphadenomu (Hodgkin’s disease) occasionally 
give rise to a large mass in the stomach wall, and this may progress in 
much the same way as sarcoma. 


SIMPLE TUMOURS OF THE STOMACH 

Gastric Polyposis. Polypoidal projections of the gastric mucous 
membrane are common near the margins of a gastric carcinoma, but 
the term gastric polyposis is restricted to a comparatively rare condition 
of simple papillomatous overgrowth. The polypi are papillary adeno¬ 
mata which arise in the mucous membrane and project into the cavity 
of the stomach. They are usually multiple, but single polypi have been 
reported. A rare form of polypus is that in which a limited area of the 
gastric mucosa is affected in a diffuse fashion, being raised in a well- 
defined velvety plaque in an otherwise healthy stomach. 

. At operation a group of polypi may be felt inside the stomach as a 
soft doughy or worm-like mass. The mucosa is covered with velvety 
red projecting masses, which vary in size up to that of a cherry, and are 
widely distributed, either in the pyloric portion or through the whole 
stomach. Ulceration and secondary infective changes are common, 
and often there is some catarrhal gastritis. Microscopically, the 
tumours are papillary adenomata, composed of columnar cells arranged 
in well-form^ acini and supported by a lax connective-tissue stroma. 
In the diffuse plaque-like variety the tubules of the growth resemble 
the duodenal glands of Brunner. Gastric polyposis is very liable to be 
mistaken for carcinoma ; the ulcerated surfaces bleed readily and a 
severe degree of secondary aneemia sets in; catarrhal changes reduce 
the gastric acidity, perhaps to zero ; the vomit contains blood, mucus 
and even lactic acid; and on radioscopic examination the barium 
shadow is interrupted by numerous filling defects. In many of the 
reported cases carcinoma has supervened, but there does not appear 
to be that intimate relation between the two conditions which is found 
in tlie colon. 

Other simple tumours of the stomach aic rare. A myoma occasion¬ 
ally is found. It it^y project into the lumen, or subperitoneally, 
and in ^ther event foihmS a smooth rounded or nodular lump, often of 
considerable size, and often pedunculated. Cases have been reported 
in which such a tumour has caused symptoms from pressure. When 
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it projects towards the lumen the tumour may ulcerate and simulate 
a malignant neoplasm, or it may be propelled tow ards the pylorus and 
cause obstruction at that point, or even intussusception. Rarely the 
presence of a large tumour has led to volvulus of the stomach. 

Fibroma, lipoma, and angioma of the stomach may occur. 

SYPHILIS OF THE STOMACH 

Syphilitic affections of the stomach are uncommon, and of interest 
chiefly from their mimicry of carcinoma. They occur as late tertiary 
manifestations of the acquired disease, and begin as a gvunmatous 
infiltration of the submucosa, usually on the smaller curvature towards 
the pylorus. 

The disease may progress to the formation of single or multiple 
gummatous ulcers or submucous nodules, or it may lead to extensive 
fibrosis of the affected part of the stomach wall. 

In some cases a large gumma forms, softens in the centre and breaks 
down, giving rise to a large ulcerating mass resembling an ulcerating 
carcinoma. More commonly, syphilis leads to diffuse fibrosis of the 
stomach wall. If this occurs in the region of the pylorus, pyloric stenosis 
is the natural result; if in the body of the stomach, an hour-glass 
deformity. Rarely S 3 q)hilitic fibrosis affects the greater part, or even 
the whole of the stomach, and gives rise to a condition readily mistaken 
for “ leather-bottle ” carcinoma or for fibromatosis of the stomach. 

The clinical effects of syphilis of the stomach may resemble those of 
gastric ulcer or carcinoma. Haemorrhage from the ulcerated surface, 
manifest in haematemesis or melaena, leads to severe anaemia, and 
there may be marked cachexia. Secondary catarrhal gastritis leads 
to excessive production of mucus, and in 85% of cases to complete 
achlorhydria. The diagnosis is rendered diflicult by the fact that the 
disease often fails to respond to ordinary anti-syphilitic measures. ^ 


TUBERCULOSIS OF THE STOMACH 

Tuberculous affections of the stomach and duodenum are extremely 
rare, a remarkable fact considering that the tubercle bacillus can 
survive exposure to gastric juice for several hours, and considering that 
infection of the lower alimentary tract from swallowed sputum is so 
common. 

The most frequent tuberculous lesion is a single ulcer on the smaller 
curvature towards the pylorus; it has the characteristics a 
tuberculous ulcer elsewhere, and has no distinctive clinical features. 
Occasionally several small miliary ulcers are present. Rarely a hyper¬ 
plastic type of the disease occurs, with much fibrosis and little or no 
caseation ; this variety at the pylorus may lead to stenosis and, as at 
the ileoceecal region, it may simulate carcinoma,' 

Tuberculous disease in the stomach is generally believed to follow 
infection from swallowed sputum ; rarely a caseous lymph gland may 
adhere to the stomach wall and thus infect it. 
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CONGENITAL HYPERTROPHIC PYLORIC 




NOSIS 


A disease of the early weeks of life, affecting boys four times more 
frequently than girls, and esi)ccially prone to attack the first-bom of 
the family. The muscular wall of the pyloric canal is hypertrophied, 
and this leads to narrowing of the lumen and obstruction. Distally, the 
hypertrophy is clearly delimited, for it never goes beyond the pylorus. 
Proxinially, the limitation is less exact and the hypertrophy gradually 
diminishes until at the incisura angularis the muscle is of nonnal 
thickness. At the pyloric canal the swollen muscular wall forms a 
rounded bobbin-like mass. The circular muscle is particularly affected, 
and its fibres are pale compared to those of normal muscle, grey or 



Fig. ‘217. Congenital hyj)crtrophic pyloric stenosis, from u inaie, aged 
five weeks. Note (1) the great hypertrophy of the circular muscle 
fibres, (2) the fold of redundant mucous membrane. The stomach 
is greatly dilated. 

greyish-white and poorly supplied with blood. Partly owing to the 
muscular overgrowth and partly owing to redundancy of the mucous 
membrane, which becomes folded upon itself, the lumen of the pylorus 
is greatly reduced. The stomach, and even the oesophagus, hyper¬ 
trophies in efforts to overcome the obstruction and causes vigorous 
peristalsis, as is readily seen if the infant is examined during a feed. 
Later the stomach dilates and its mucosa undergoes secondary catarrhal 
changes. 

Congenital pyloric stenosis is an inherited abnormality of recessive 
type, while sex and primogeniture are also determining factors. The 
underlying cause is the possession of a pair of abnormal genes, one from 
each parent, and should the recipient chance to be a boy and first-born, 
his chance of being affected is the, Mendelian ratio 1 in 4. Girls and 
su^equ^t children are much kafs ^ely to be affected. 


477 


■' * 'VOLVULUS OF THE STOMACH 

I ’ 

There have lieen numerous theories as to the significance of tlic 
pyloric lesion. Hirschsprung and Cautley maintained that the primary 
lesion is a congenital muscle hype^t^oph 3 ^ and that the pyloric obstruc¬ 
tion is due to the increased thickness of the muscle and to the resulting 
spasm. John Thomson, on the other hand, suggested that the primary- 
factor is a want of neuro-muscular coordination, which leads to func¬ 
tional obstruction at the pylorus, and to compensatory hypertrophy of 
the muscle fibres of the pyloric canal. 

The clinical features arc characteristic. The first sign usually 
appears within a few days or weeks of birth, when the baby-, previously 
healthy, commences to vomit; the vomiting becomes forcible and 
projectile, from extreme muscular activity, and tends to occur within a 
few minutes of the beginning of a feed. The onset thus differs from that 
of congenital intestinal atresia, which is manifest from birth, and the 
vomit differs from that of volvulus of the mid-gut loop {see p. 484) in 
containing no bile. 

There is another rare form of pyloric stenosis in children, due to a 
congenital defect—the stenosis of Landercr and Maier, The obstruction 
in this case is due to a diaphragm of mucous membrane at the pylorus, 
pierced by a very small hole. The symptoms in this type do not begin 
until later childhood. 

VOLVULUS OF THE STOMACH 

This rare accident may involve the whole stomach, or its pyloric 
portion alone. The partial variety generally occurs as a complication 
of hour-glass deformity, for in this condition the lower pouch, slung 
between the contracture and the pylorus, is relatively free to rotate. 
The complete variety is most likely to occur in association with dia¬ 
phragmatic hernia, a benign gastric tumour, or of perigastric adhesions. 
In some cases the only predisposing factor is gastroptosis. 

The volvulus may take place round an axis passing through the two 
orifices of the stomach, or one perpendicular to this line. In the 
former, organo-axial type, the greater curvature generally passes 
forwards and upwards, and comes to lie under the anterior part of the 
diaphr^m. The transverse colon may be drawn upwards with the 
greater curvature and become impacted under the diaphragm. In the 
latter, mesenterio-axial type, the pyloric part of the stomach passes 
forwards, upwards and towards the left in front of the body of the 
stomach, carrying the right colic flexure with it. In this type the 
volvulus is generally of limited extent. 

The main effect of volvulus of the stomach is to cause complete 
obstruction of the pylorus, and in some cases of the oesophageal orifice. 
There is little interference with the blood supply to the stomach. The 
stomach becomes greatly distended, causing severe epigastric pain and 
extreme collapse. Large quantities of fluid are . lost into the dilated 
viscus, and dehydration is consequently a marked feature. If the 
oesophageal orifice is obstructed there is no vomiting, and attempts to 
pass a stomach tube are unsuccessful! > Ift soine cases secondary obstruc¬ 
tion of the colon is a complicating 
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ACUTE DILATATION OF THE STOMACH 

This is a remarkable condition in which for no obvious reason the 
stomach becomes rapidly ballooned with gas, so that it fills the greater 
part of the abdominal cavity. Generally it is a post-operative com¬ 
plication, but it may follow simple manipulations, such as thei application 
of a plaster case, and rare cases have been recorded in which it arose 
from no obvious cause in otherwise healthy young adults. The pre¬ 
disposing operation is most commonly an abdominal one, performed 
for affections of the female pelvic organs, the appendix, or gall bladder. 
It is curious that operations on the stomach itself practically never 
predispose to it. There appears to be no relation between acute gastric 
dilatation and infections. 

Acute i)ost-operative dilatation of the stomach rarely becomes 
manifest later than forty-eight hours after operation; sometimes it 
occurs within a few hours, and in a few recorded instances it has occurred 
actually during the operation. These cases are of particular interest; 
the stomach is suddenly observed to be increasing in size, and within a 
few minutes it fills the greater part of the abdomen and projects at the 
wound ; after passage of a stomach tube a quantity of gas, of the 
composition of atmospheric air, is released, and the stomach immediately 
returns to its normal size. 

The stomach may reach to the brim of the pelvis, its wall becomes 
greatly ttupned, the mucosa eroded ; and the gas later becomes replaced 
by foul, blood-stained fluid. The dilatation may be limited to the 
stomach, but this is unusual, and it commonly extends to some point 
in the second or third parts of the duodenum or even to the proximal 
coils of the jejunum. In about a quarter of the recorded cases the 
dilatation stopped short at the point where the duodenum is crossed 
by the superior mesenteric vessels (gastro-mesenteric ileus). 

The cause is not fully understood. It is, however, generally 
agreed that the stomach is affected first and principally, and that 
duodenal dilatation, when present, is a secondary phenomenon, 
due to compression of the root of the mesentery from the drag of 
displaced small intestine. A healthy stomach wl^en distended empties 
itself by the forcible expulsion of gas along the oesophagus, and it must 
therefore be presumed that before dilatation can occur there must be 
paralysis of the gastric musculature, and possibly also spasmodic 
contraction at the cardia; these predisposing affections may possibly 
arise from toxic changes in the muscle, but their sudden onset suggests 
rather a reflex action. The gas which fills the stomach might be thought 
to arise from the fermentation of intestinal contents, but this could 
hardly explain the extreme rapidity of the dilatation. Mclvor has 
shown that in the cat some degree of gastric dilatation may be brought 
abot^ by inserting a valvular tube into the upper part of the oesophagus, 
allowing air to be sucked down into the stomach but preventing its 
exit,' and it i^ possible that some valvular mechanism may occur in 
ikianV 

The effects of acute dilatation are immediate, grave, and sometimes 
fifttal. In part, they arise from the mere distension of the stomach. 
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which displaces other viscera, pushes up the diaphragm and interferes 
with the action of the heart. Even more important, however, is the 
subsequent outpouring of fluid into the dilated visous, for the tissues 
become dehydrated, the secretion of urine dimitushed, and alkalosis 
rapidly develops. If the duodenum is obstructed the effects of a high 
intestinal obstruction are superadded. It is not surprising that there 
is rapid collapse and great dehydration; at first there may be no 
vomiting, but later an overflow regurgitation may occur. Fortunately 
if recognized early the condition is amenable to treatment by passage 
of the stomach tube. 

CHRONIC DUODENAL ILEUS 

Chronic obstruction of the duodenum may arise from one of several 
causes, which fall naturally into two principal groups. The first group 
is that in which some gross obstructing lesion is demonstrable, for 



Fio. 218. Chronic duodenal ileus. The transverse colon has been drawn 
up and the peritoneum incised, to show the third part of the duodenum, 
which is greatly distended. The root of the mesentery containing the 
superior mesenteric vessels is seen immediately to the medial side of 
the distended duodenum. 

instance, calcified tuberculous lymph glands, or infiltration of the 
mesentery by malignant disease, or rarely, adventitious adhesions in 
this region. The second group includes those in which there is no 
definite organic disease to account for the obstruction. 

The second group occurs most often in females and usually in those 
of visceroptotic habitus, but -it may rarely b0 found in those of 
sthenic build. The obstruction is situated usually at the point of 
crossing of the superior mesenteric arte^, and it is generally attribute 
to the pull of these vessels associated .if^h a greater or less degree of 
prolapse of the small intestine (aiterio>ixu^nteric ileus). In some cases 
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it appears as though displacement of the small intestine and consequent 
mesenteric traction is due to primary dilatation of the stomach or to 
gastroptosis. Rarely the obstruction appears to result from traction 
by the proximal colon upon the right colic artery.vwhich cjpsses the 
third part of the duodenum obli(jucly. Very often ft is not possible to 
demonstrate any obstruction, and the dilatation isWercly part of a 
general visceroptosis. Anatomical observations indidfte that at birth 
there is often a slight constriction of the duodenu(|^ where it is crossed 
by the mesentery, and it is j)ossibIe that some Such developmental 
narrowing predisposes to the condition, V>ut although occasionally seen 
in childhood duodenal ileus usually becomes manifest only in adult life. 

The third part of the duodenum is generally the most affected, and 
it may so dilate as to bulge forwards below the transverse mesocolon. 
Occasionally the dilatation is most obvious in the first and second parts 
of the duodenum, which project like a second stomach to the right of 
the pylorus. The stomach is always large also, but the pylorus may 
or may not be dilated. 

Duodenal ileus is important in itself, as a possible cause of severe 
bilious attacks, but it is equally important in that it may prejudice 
the success of operation on other parts of the abdomen. It is no doubt 
rc‘S|X)nsible for some instances of pernicious vomiting after gastro¬ 
jejunostomy, and it may be responsible for leakage from the duodenal 
stump after gastrectomy. 

DUODENAL DIVERTICULA 

Duodenal diverticula are usually regarded as somewhat rare lesions, 
but accoi’ding to several anatomical studies it would appear that they 
are not uncommon. Failure to recognize them is due to the absence of 
any definite symptomatology, and to the difTiculty of portraying them by 
radiography. Apart from a rare form of pouching which occurs exactly 
at the duodenal papilla, two types of diverticula may be recognized— 
the primary type, in which no obvious cause can be discovered, and the 
secondary type, w’hich results from some local lesion. 

Primary diverticula occur usually in the second part of the duodenum, 
rarely in the third and fourth parts, and never in the first part. They 
form flask-like protrusions from the concave border of the gut, and are 
closely related to the vessels entering the duodenal wall. The diverticula 
are often multiple, and reach their greatest development in middle-aged 
or old persons. Microscopically, they are found to be composed of the 
mucous and submucous coats, which have herniated through a gap in 
the muscularis. The pouches are closely related to the pancreas, and 
occasionally small islands of aberrant pancreatic tissue are embedded 
in their walls. They may exert injurious pressure on the common bile 
duct and the pancreatic duct. 

They are usually symptomless and only discovered by chance in 
the course of radiographic examination of the digestive tract; in some 
cases, however, vague symptoms of indigestion have been attributed 
to them. It is remarkable that infection and other complications only 
supervene with great rarity, owing, no doubt, to tfi^ relative sterility 
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of the duodenal contents. In exceptional cases, stasis in a pouch has 
predisposed to the formation of concretions. 

Secon^ry diverticula are commonest in relation to peptic ulcer, and 
consequmtly occt|| in the first part of the duodenum. They may 
arise from the dire^ traction of an ulcer cicatrix, or from the stretching 
and pulsion a weakened area of the wall. In either case, they 
have little cliniem import and have no symptomatology apai*t from that 
of the causative lesj|p. 
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CHAFTER XXIIl 


DISEASES OF THE SMALL INTESTINE 

ANOMALIES OF INTESTINAL ROTATION 

The mid-gut, which includes the small and large intestine from the 
4evel of the duodenal papilla to the neighbourhood of the left colic 
flexure, undergoes a complicated series of rotations in early foetal life. 
An understanding of the mechanism of this evolution, and of the 
derangements to which it is subject, is of considerable importance to 
the surgeon; for anomalies of rotation may result in errors in the 
location of the duodenum, the appendix or the caecum which confound 
the unwary operator, or they may give rise to secondary pathological 
(Changes which it is important to understand. 

Mechanism of Normal Rotation. The mechanism of normal rotation 
has been investigated by seveial embryologists, and Dott has given an 
excellent account of it, with, in addition, a valuable description of the 
various anomalies and their clinical significance. The most complicated 
evolutions take place before and during the tenth week of intra-uterinc 
life, and before proceeding to describe them it will be necessary to 
consider the state of the intestinal tract at their inception. 

The gastro-intestinal tract consists of three portions, the fore-, ■ 
mid-, and hind-gut; of these, the fore-gut includes the stomach and the ' 
duodenum as far as its papilla, the mid-gut includes from the duodenal 
papilla to the region of the left colic flexure, and the hind-gut includes 
the distal colon. In early intra-uterinc life each of the three portions 
is suspended from the dorsal wall of the body cavity by a mesentery, 
which contains the blood vessel to the three loops, respectively: the 
coeliac arterj’, the superior mesenteric artery and the inferior mesenteric 
artery. 

The mid-gut at this time consists of a single short loop of intestine, 
supported by a somewhat fan-shaped mesentery, which is attached to 
the dorsal wall of the body cavity by a narrow pedicle, the “ duodeno- 
colic isthmus.” This isthmus is bounded above and below by the two 
extremities of the mid-gut (the duodenum and left colic flexure), and 
these two points lie closely opposed to each other in the mid-line {see 
Fig. 219). Passing ventrally at the isthmus, between the two layers of 
the mid-gut mesentery, is the superior mesenteric artery, and in its 
course towards the convexity of the loop it gives off branches to all 
parts of the mid-gut. The proximal or pre-arterial branches become 
the vasa intestinales, and the portion of gut they supply becomes the 
jejunum and ileum ; the distal or post-arterial branches become the ileo¬ 
colic and right colic arteries, and the distal part of the mid-gut becomes 
the proximal colon. The importance of this disposition lies in the fact 
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that a voluminous gut with its mesentery is attached by a very narrow 
pedicle, upon which it may swing and rotate with ease. 

At the fourth' week of intra-uterine life the greater part of the mid¬ 
gut is extruded from the main abdominal cavity by the rapid increase 



(After N. M, Dott.) 



Fio. 220. Intestinal rotation. (2) 
Completion of first stage (lateral 
view). (After N. M. Dott.) 



Fio. 221. Intestinal 
rotation. (8) Com¬ 
pletion of'flrst stage 
(anterior view). 
(After N. M. Dott.) 



Fig. 222. Intestinal rotation. (4) Second 
stage in progress. (After N. M. Dott.) 


in siae of the liver and other organs, and the mid-gut comes to lie within 
the umbilical cord—a physiological hernia.” Rarely such a hernia 
persists (exomphalos). The principal stage of the normal process of 
rotation bccura when this hernia is r^uced, for the re-entering intestines 
become subject to various mechanical factors inside the abdomen. 
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The first stage is a simple one, and consists in anti-clockwise 
rotation of the whole mid-gut loop through 90 degrefcs. The growing 
stomach projects its pyloric end towards the right side of the mid-line, 
and thus carries the proximal end of the mid-gut to the right. The 
base of the mid-gut loop now lies transversely with the duodenal papilla 
and the 1^ colic flexure at almost the same level, and the small intestine 
lies to the right of the mid-line, the proximal colon to the left {see Fig. 220). 

The second stage includes the crucial phase of the process of rotation. 
It takes place at the beginning of the tenth week, when the mid-gut 
returns from the umbilical cord into the general body cavity, and its 
normal progress depends upon various mechanical influences to whieli 
the gut then becomes subjected. Its effect is to rotate the mid-gut loop 
'through a further 180 degives in the anti-clockwise direction. 

The first part of the mid-gut to return to the abdomen is the proximal 
end, the duodenum and jejunum, which returns in the line of its long 
axis. The caecum, owing to its bulk, is the last portion to be reduced, 
and while it lies in the umbilical cord it exerts an important influence 
upon the rotation process, for it holds the superior mesenteric artery 
tautly forwards and this provides an axis around which the small 
intestine may rotate. 

When the re-entering coils of duodenum and jejunum (at present 
lying to right of the mid-line) reach the abdomen, they meet the resist¬ 
ance of the liver, and they are deflected downwards on the right side. 
With further deflection in the same (anti-clockwise) direction they 
become propelled behind the taut axis of the superior mesenteric artery, 
and thus the uppermost coil, the terminal duodenum, comes to lie 
transversely below and behind this vessel. The jejunum and ileum 
follow the same course, and when eventually the caicum returns to 
the abdomen the whole small intestine lies on the left side, and the 
proximal colon is displaced to the right {see Figs. 222 and 223). 

The third stage, which is a less complicated'one, concerns the descent 
of the caecum and proximal colon to their adult position, and the 
subsequent fixation of the intestinal mass. 

At the conclusion of the second stage the caecum, which has just 
been returned to the abdominal cavity, lies inunediately deep to the 
umbilicus. By various mechanical influences that need not be discussed 
the caecum is propelled upwards and to the right to reach the subhepatic 
region, and from this point it travels downwards to reach its adult 
position in the right iliac fossa. 

Up to this point the whole mid-gut remains suspended in its 
fan-shaped mesentery from the duodeno-colic isthmus, but now certain 
parts of it become fixed to the dorsal abdominal wall. That part of 
the mesentery which encloses the superior mesenteric artery becomes 
adherent to the dorsal wall along an oblique line extending towards 
the right iliac fossa, and this line subsequently is known as the r0ot of 
the mesentery. In this process the duodenum becomes fixed where it 
passes beneath the artery, and it thus acquires its retroperitoneal 
position. Lastly the post-arterial mesentery, containing the right colic 
and ileo-colic vessels, fuses with the posterior piurietes, and the proximal 
colon thus becomes fixed. 
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Derangements of Rotation. Derangements of the iirst stage are 
very rare, while tiiose of the third stage are so frequent as to be common¬ 
place. The most interesting though rare anomalies are those of the 
second stage. These have been classified by Dott in three principal 
groups as follows :— 

(1) Non-roiation. Here the gut as it enters the abdomen fails to 
rotate, and the small intestine remains on the right, the proximal colon 
on the left. The duodenum does not pass horizontally across the 
abdomen, btit piisscs directly downwards, and the coils of jejunum lie 
close below the liver. The lower part of the ileum crosses the midline 



Fio. 22:). Intestinal rotatiui). (5) Second Fiu. 224. .4uoinaly of intestinal rota- 
stage completed. (After N. M. Dott.) tion. Volvulus neonatorum. (After 

N. M. Dott.) 


and enters the right side of the caecum. The ascending colon lies to the 
left of the midline, and the transverse colon, which is short, is related 
to the left part of the greater curvature of the stomach. 

The anomaly of non-rotation is of great practical importance, for 
as a result of it the caecum and appendix are displaced and in diseases 
such ^ appendicitis the symptoms are left-sided. The anomaly is also 
important for its secondary effects, for the gut sometimes remains 
unfixed and unduly mobile. If the whole mid-gut remains free, 
suspended from its narrow duodeno-colic isthmus, it is very apt to 
undergo volvulus in the early days of life —volvylm neonatorum (see 
Fig. 224). This is a condition of great gravity. It differs from volvulus 
in adults in several particulars which may render its recognition, even 
at the time of operation, a matter of some difficulty. The whole mid-gut 
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is ai^ected, but since its lower end*is less acutely twisted than its upper 
end, the gut remains collapsed, and the clinical features are those of 
duodenal obstruction, witli little distension in the lower abdomen. 
Moreover, since the blood supply is little affected the deep discoloration 
so characteristic of other forms of volvulus may be lacking. Th<; 
condition should be suspected when a young infant, previously in good 
health, suddenly commences to vomit bile-stained material. 

(2) Reversed Rotation. This is an interesting anomaly, which is 
believed to be due to the return of the proximal colon to the abdominal 
cavity before the jejunum. The proximal colon therefore is the first part 
to rotate, but in the reverse (clockwise) direction, and it comes to lie in 
the position normally occupied by the duodenum, often in a tunnel deep 

' to the root of the mesentery of the small intestine. In spite of the 
altered rotation, however, the remainder of the gut eventually reaches 
the normal adult position. Clinically it is of importance, for the 
transverse colon may be constricted as it lies deep to the mesentery, and 
obstruction may result 

(3) Malrotation. This includes several irregular and less clearly 
understood defects of rotation, whereby part or the whole of the mid-gut 
may be displaced. 

Derangements of the Third Stage. The commonest of these concern 
the descent of the caecum and proximal colon, and their subsequent 
fixation. Failure of descent leads to fixation of the caecum in the loin 
or close under the liver; and too prolonged descent, with lack of 
fixation, leads to all degrees of mobility of the caecum and proximal 
colon. The appendix may remain high up in the loin in the rctroeolic 
and retrocaecal positions, and its tip may extend as far as the liver. 
When the proximal colon remains unfixed and floating it may undergo 
volvulus in adult life. 

ANOMALIES OF THE VITELLINE DUCT: MECKEL’S 

DIVERTICULUM 

The vitelline duct or yolk stalk forms a communicating channel 
which in early embryonic life passes from the yolk sac along the 
umbilical cord to the intestinal catial. In normal circumstances it 
becomes obliterated at about the sixth or seventh week of intra-uterine 
life, but it may persist to a greater or less extent and may cause trouble 
at a later date. The obliterative process begins at the umbilicus and 
extends to the intestine, and consequently the intestinal end of the 
duct persists most frequently. The common form is a small blind 
diverticulum projecting from the ileum a few feet above the ileocsecal 
sphincter. The diverticulum may be finger-like or rounded. It is 
usually two or three inches long, and projects from the antimesen- 
teric border of the gut, with its end free in the peritoneal cavity. 
Occasionally it arises on the mesenteric aspect and lies enclosed in 
the ileal mesentery. In its customary intraperitoneal situation it may 
terminate abruptly, with a rounded or conical end, or it may taper into 
a thin fibrous cord, attached by its other end to the mesentery. This 
cord represents the obliterated Vitello-intestirial artery. To it the 
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diverticulum owes much of its potential danger, for the cord may snare 
portions of intestine and so cause obstruction. Rarely a remnant of 
the vitelline vascular system may persist although the vitelline duct 
is completely obliterated. Thus a fibrous cord representing the vitcdline 
artery may pass from the umbilicus to the ileal mesentery, whilst 
vitelline vein may be represented by a cord extending from the umbilicps 
towards the third part of the duodenum. 

The vitelline duct may remain patent through its whole length. 
Occasionally only the umbilical end remains patent, forming a small 
sinus, which discharges at the umbilicus, and it may prolapse on to the 
anterior abdominal wall (the so-called enteroteratoma). An inter¬ 
mediate portion may persist and form a freety mobile cystic swelling 
in the peritoneal cavity—entero-cystorna. Rarely a portion abnormally 
placed in the mesentery may form an “ enterogenous ” type of mesenteric 
cyst {see p. 549). 

In some cases stenosis of the ileum may coexist, ranging from 
slight narrowing to complete obliteration. Sometimes there is a 
diaphragm of mucous membrane perforated by a mere slit. This may 
allow the passage of intestinal contents, but solid objects such as fruit 
stones are liable to become impacted. 

Complications. The complications of a persisting portion of the 
vitelline duct are legion, and there must be few surgeons who have 
had no experience of the remarkable intra-abdominal entanglements 
to which it may give rise. For convenience they may be classified 
as (1) intrinsic complications, primarily affecting the diverticulum 
itself, and (2) extrinsic complications, affecting other portions of the 
intestine, 

(1) Intrinsic Complications. Not uncommonly the communication 
between the diverticulum and the intestine is a small one, and it may 
undergo progressive stenosis until completely occluded, so that the 
diverticulum dilates to form a cyst, which fills with mucoid material, 
and may reach great size. Infection of the diverticulum may occur, 
and closely simulate appendicitis, for which it is liable to be mistaken. 
In exceptional cases an ulcer may form in the diverticulum and may 
give rise to haemorrhage into the bowel, or may perforate into the 
peritoneal cavity. The diverticular wall,may contain traces of hetero¬ 
topic gastric mucous membrane, and the ulcer may thus be regarded 
as of peptic origin. Not infrequently simple tumours, such as adenoma 
or myoma, arise in the wall of a diverticulum. 

(2) EsJBtrinsic Complications. These arise most commonly from the 
action of the whip-like fibrous cord attached to the apex of the diver¬ 
ticulum. The cord may be free at first, but it is apt to contract 
adventitioUiS adhesions, and thus to provide a snare through which a 
hernia' occur. . A diverticulum fixed to the umbilicus provides 
a fidbn^Pot volvulus of the intestine. Even if unfixed a dilated 
diveiticwtiin may by its weight achieve the same result. Lastly, and 
very rarely, a diverticujlum may prolapse inside the ileum and lead to 
enteric intussusception. 

MuU%d 0 Diverticula Ihitesthie. Multiple ^ diverticula 

Occur, though rarely, in the the ileum, the lattJt’ situation 
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being the more common. They may be present in large numbers, 
affecting several feet of .the gut. Unlike diverticula of the colon, they 
project on the mesenteric aspect of the bowel, along the line of the blood 
vessels. They consist of mucous and submucous tissue alone, protniding 
through gaps in the muscular tunic. It is generally assumed that they 
arc developmental in origin, though the suggestion has been made that 
they are jmlsion diverticula, arising from irregular peristaltic con¬ 
tractions and consequent increase in the pressure within the gut. 
Clinically they are not important, for infection and other complica¬ 
tions are extremely rare. 

INTESTINAL OBSTRUCTION 

From a pathological standpoint there are four chief types of intes¬ 
tinal obstruction : (1) Simple obstruction, produced either from condi¬ 
tions within the bowel or from without; (2) obstruction, complicated 
by interruption of the blood supply pf the affected portion of intestine 
(strangulation); (8) obstruction at two, usually adjacent, points in the 
intestine (closed-loop obstruction); and (4) adynamic or paralytic 
ileus. Obstruction may be acute, subacute, or chronic, and chronic 
obstruction may become acute. 

Simple Obstruction. Simple obstruction may occur alone, and 
always is a basic feature of other varieties. As it is the least compli¬ 
cated type it has formed the model for the study of the general 
phenomena of obstruction. Except in adynamic ileus, intestinal obstruc¬ 
tion is mechanical in origin, and there are many well recognir.ed ways in 
which it may be brought about, but often the mechanism takes unusual 
forms. Simple obstruction may result from developmental errors, 
from impaction of a foreign body, or from Jiarrowing of the bowel hy a 
fibrous or a carcinomatous stricture. As the contents of the sniall 
intestine are fluid, stenosis may reach an extreme degree before obstruc¬ 
tion results. Simple obstruction, especially in the small intestine, occurs 
frequently as a result of angulation or constriction by a fibrous band or 
by an adhesion such as may result from peritonitis or an abdominal 
operation. 

Strangulation. In this variety of obstruction not only is there 
closure of the lumen of the bowel, but the blood vessels of the segment 
implicated are also occluded, so that the vitality of the bowel is endan- 
gei^. The veins only may be affected (as is usual), or the arteries and 
veins simultaneously. Strangulation is always more serious than 
simple obstruction because primary shock may be very severe and 
toxsemia or peritonitis may determine an early fatal issue. Death may 
occur very rapidly, and often without the customary features of simple 
obstruction. Strangulation may occur in the small or the large intestine 
and the commonest causes are. intussusception, volvdlus, strangnl^d 
hernia, and mesenteric vascular occlusion (^.v.),. ^ 

Closed-loop Obstruction. This type of obstruction is not oflen 
observed in/m uncomplicated.form. Jt^mi^y occur when a loop of 
intestine becomes obstructed "hi a hernial sac, and when a 

fibrous bafld ensnares a loop of xntostilie. > The changes to be expected 



m DISEASES OF THE SMALL INTESTINE 

in the intestine in this variety of obstruction are comparable to those 
which develop in the obstructive types of appendicitis and are governed 
by the infectivity of the bowel contents and the completeness of the 
obstruction. 

Adynamic or Paralytic Ileus. The designation adynamic ileus is 
reserved for those not uncommon cases in which intestinal propulsion 
fails on account of nervous influences, and those in which there is no 
obvious mechanical factor. It is observed most often after compara¬ 
tively simple operations on the abdominal viscera, in which there may 
have been little or no interference with the intestine. It may follow 
operations which do not open the peritoneal cavity, e.g., nephrectomy. 

Adynamic ileus is often an important cause of abdominal distension 
in general ))critonitis. It is a common complication of fracture of the 
spine. 

There may be all degrees of severity between temporary abdominal 
distension and obstruction indistinguishable from that of mechanical 
origin. The underlying causes of the derangement of peristalsis arc 
not fully understood; there are probably many contributory factors, 
such as depression of muscular and nervous activity, interference with 
the absorption of intestinal gases, vasomotor disturbances of the 
mesenteric vessels and increase of intra-abdominal pressure. In the later 
stages overstretching of the muscle coats of the bowel is an important 
factor in annulling perisljilsis. 

Local Effects of Obstruction 

The local effects of obstruction depend upon its cause, its acuteness, 
and its level in the intestinal tract. The outstanding feature is engorge¬ 
ment of the splanchnic vessels, which usually results in a clear or a 
slightly blood-stained effusion into the peritoneal cavity; definite 
extravasation of blood occurs when strangulation is present. The 
intestine is much dilated proximal to the obstruction, and its wall is 
dusky red or cyanotic and may finally show patches of gangrene, even 
in the absence of strangulation. The mucous membrane is deeply con¬ 
gested and may be ulcerated. Distal to the obstruction the intestine is 
collapsed and empty and may be in a state of spasm. When obstruction 
has persisted for some time the lumen of the intestine contains a large 
quantity of yellowish-brown fluid of high bacterial content and of fecal 
odour. When the obstruction is low down in the small intestine the 
stomach, duodenum, and jejunum contain the greatest quantity of fluid, 
and the intermediate part of the intestine contains less fluid and more 
gas, whereas the intestine immediately proximal to the obstruction may 
contain only gas. The fluid in the obstructed intestine is composed 
mainly of gastric secretion, bile and pancreatic juice, and the secretion 
of the intestine itself. Absorption of readily difhisible substances is 
almost at a standstill within the obstructed bowel. 

General Effects of Obstruction 

Vomiting is one of the commonest effects. It comes on early and is 
more copious when the obstruction is high up in the spiall intestine, 
whereas when the obstruction is low in the small intestine or in the colon 
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it is a late feature or may not occur at all. In the early stages the vomit 
is clear and consists of gastric contents, later it contains bile, and in 
the advanced stages it is brown and offensive from putrefactive clianges. 
For some time before death free hydrochloric aeitl is absent, although 
the total chloride content of the stomach is normal. The vomiting 
contributes chiefly to the dehydration which is so constant a feature of 
intestinal Obstruction, and, in addition, it is responsible for the loss of 
hydrochloric acid and sodium chloride which finally leads to depletion 
of the body chlorides. Dehydration may reach such a degree tliat at 
least 6% of body weight in water alone is lost. Dehydration leads to 
dryness of the skin, increasing thirst, and diminished urine output. 
The blood becomes increasingly concentrated so that the erythrocyte 
count rises; and the sedimentation rate is prolonged and the total 
blood volume much re.duccd. 

Obstruction is sooner or later associated with very severe consti¬ 
tutional disturbance and sometimes toxaemia : this may be manifest by 
pallor and slight cyanosis, a rapid pulse rate, and a low blood pressure. 
It is rather paradoxical that tlie higher the obstruction is situated in 
the intestine the greater is the toxicmia and the more lethal are its 
effects. Obstruction in the jejununi may be fatal in two days, whereas 
obstruction of the colon may be tolerated for as many weeks. 

In obstruction there are definite and constant chemical changes in 
the urine and in the blood. They develop more rapidly and are more 
pronounced in high obstruction, and may be only slight in obstructioit 
low down. These changes are of great importance because they afford 
an index of the degree of depletion, and they suggest the lines upon 
which the constitutional effects of the obstruction may be combated. 
These changes are often slight or absent in strangulation. 

Changes in the Urine. The urine becomes scanty, owing to loss of 
body fluids by vomiting. The scantiness leads to a greatly increased 
concentration of urea in the urine—it may be four or five times the 
normal. The excretion of urea is increased, but probably to no greater 
extent than is accounted for by starvation, and it is not due to any 
disturbance of renal function. The excretion of chlorides is greatly 
diminished, and in the later stages they disappear, 

Changes in the Blood. The most important changes are those of 
the blood chlorides and potassium, the carbon dio.xide combining- 
power, and the non-protein nitrogen and blood urea. The higher the 
obstruction the more profoundly and rapidly they are affected. 

The blood chlorides become gradually reduced from the normal of 
500 milligrams per cent, to as low as 850 milligrams per cent. At 
about that level they disappear from the urine, and their disappearance 
is an indication of a dangerous degree of toxaemia. The carbon dioxide 
combining-power of the blood, which is an accurate indication of the 
alkali reserve of the body, may increase from the normal of from 58 
to 78 volumes per cent, to a hundred or over. The alkalsemia is a result 
mainl y of chloride loss, because the continued loss of chlorine ions is 
accompanied by retention of sodium ions which, in an attempt at main¬ 
taining the electrolytic content of the blood, combine with carbon- 
dioxide. 
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The blood potassium, V^hich is the basic salt of intracellar fluid, is 
reduced mainly from the loss by vomiting. 

The rise in non-protein nitrogen and blood urea is due to dehydra¬ 
tion, starvation and increased cellular breakdoMm. 

The Cause of Toxaemia and Death in Simple Obstruction 

No problem in surgical pathology has stimulated more clinical 
and experimental research than that concerning the causes of toxaemia 
and death in intestinal obstruction. 

It is now certain that the lethal factors differ according as the 
obstruction is high up in the intestine or low down. 

* In high obstruction, such as occurs in post-gastro-enterostomy 
vomiting, acute dilatation of the stomach and duodenal ileus, dehydra¬ 
tion and profound biochemical changes affecting the chlorides and 
sodium of the blood and tissues afford sufficient explanation of the 
rapidly fatal effects, and at once suggest the lines upon which treatment 
should be conducted in order to correct the depletion.^ 

In obstruction low down in the ileum, which is the common clinical 
form, the pathological features are not susceptible of such simple 
explanation. The biochemical changes are slight even though 
obstruction may have persisted for a considerable time, yet there 
is obvious toxeemia. Therefore, it is not surprising that absorption 
of a toxin from the bowel contents, its wall, or both, has been held 
responsible. 

The nature of the toxin and its mode of production remain obscure. 
Earlier investigators suggested that a proteose elaborated in the intes¬ 
tinal wall was responsible ; others that a bacterial toxin of split protein 
or Cl. Welchii origin might explain the phenomenon. 

Recent experimental workers such as Aird, Knight and Slome have 
brought forward strong evidence that a diffusible toxin, probably of 
the nature of histamin, is an important underlying factor in the toxaemia. 
Aird’s experiments suggest that the sustained intra-intestinal pressure 
present in obstruction arrests the circulation and retards absorption. 
The state of tissue anoxaemia favours the development of depressor 
substances, which on release of the obstruction may, with resumption 
of normal absorption, exercise a profound; even fatal, effect on the 
circulation. This observation is in keeping with the well-known 
observation thiat death often occurs suddenly after relief of severe 
obstruction ; it suggests the advisability of gradual decompression of 
distended bowel to avert an overwhelming depressor effect on the 
circulation. 

Special Features of Strangulation. Clinical and experimental 
investigations suggest that the cause of death in venous strangulation 
within the peritoneal cavity depends directly on the length of bowel 

^ 17^1 daily intake of water in health to maintain a correct balance is 1,730 to 
S,2(W e-b* It'fe estimated that in intestinal obstruction, in which very large quantities 
axe lost, at lii^st c.e. of water are required daily in addition to the normal 
intalce. 

To maintain a mnmal sodium chloride level in the and tissues the int^ce 
nitres to about 0 gm. daily. To correct sevem hyp^M^oineinia 15 to 20 gm. of 
sc^m ddoidde ate requited daily feur every 100 mg. that the {dasma chloride is 
depdeted^. 
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involved. When long loops are involved death is due not to toxaemia 
but to circulatory collapse as a result of rapid loss of blood plasma by 
the withdrawal of a large quantity of blood from the circulation, an 
effect equivalent to an internal haemorrhage. In such circumstances, 
death from shock may occiu* so quickly that dehydration and hypo- 
chloraemia do not develop. When moderate-sized loops are strangulated, 
shock and blood loss are less prominent and death occurs much later 
from the absorption of a toxic peritoneal exudate elaborated by pro¬ 
teolytic organisms in the tissues of the intestinal wall. In strangulation 
within a hernial sac only a small surface is available for absorption of 
toxins, and in such cases death is due to the obstruction which accom¬ 
panies the strangulation. When strangulation affects arteries and veins 
simultaneously death occurs from a combination of toxaemia and 
peritonitis resulting from the action of intestinal bacteria on, and their 
permeation of, the bowel wall. 

A practical conclusion from the above observations is that strangula¬ 
tion within the peritoneal cavity is a most urgent form of obstruction. 
When a large segment of intestine is implicated the shock resulting 
from withdrawal of blood from the circulation should be counteracted 
by transfusion. In cases of strangulation affecting shorter loops 
further absorption of toxin should be averted by evacuation of the 
fluid exudate, gentle handling of the devital'sed bowel and its prompt 
exteriorisation. In no circumstances should a bowel of doubtful 
viability be returned to the peritoneal cavity. 


INTUSSUSCEPTION 

V^tussusception is the invagination of one part of the intestine into 
the part immediately adjoining.^ It may occur at any age, but is 
commonest in healthy males during the first year of life. It is the 
most frequent cause of intestinal obstruction during early life. With 
few exceptions, the invagination of the bowel is from above down¬ 
wards ; and usually the terminal portion of the ileum is the part 
primarily affected. 

^Etiology. In the majority of cases there is no obvious anatomical 


explanation, and there is considerable evidence that the underlying cause 
is deKmgement of the normal peristaltic mechanism of the intestine, 
excited by errors in diet. Probably faql^yjdiet is an exciting factor, for 
intussusception is especially prevalent in children of the poor, and has 


its greatest incidence between the fourth and seventh months of 
infancy, when injudicious additions to the child’s dietary are often made. 

It has been suggested that in many cases there is an inherent defect 
in the neuromuscular coordination^f the intestine, such as would 
allow a localized constriction, once formed, to persist unduly, and 
favour invagination into a passive segment of bowel immediately 
beyond. 4.n. infancy, the inhibitory nervous apparatus is developed 
latest, and it is apt to lag behind the motor, so that at an early age the 
inhibitory activities of the parasympathetic nerves are functionally 
weak, and the tonicity of plain muscle outweighs for a time its 
capability of relaxation,^ S^h inherent nervous disabilities in the 
gut may account for the frecj^uency of intussusception in vigorous ma)i$ 
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babies with strong musculature as compared with puny children^jwith 
atonic intestines, for its tendency to recur in some cases, and for the 
rarity of the disease in adults. The neurogenic explanation is supported ^ 
by the observation that intussusception may occur spontaneousfy in 
animals after paralysis of the intramural nerve plexus of the gut. 

Structural peculiarities of 
the intestine also may favoi’r 
the development of intus¬ 
susception. ^Thus intussus¬ 
ceptions of the ileocsecal 
region are specially apt to 
develop if the ascending 
colon is unusually mobile 
owing to the abnormal 
presence of a mesocolon; 
and also lymphoid tissue is 
relatively excessive in that 
region, and readily becomes 
swollen and congested. 

In older children and in 
-adults intussusception is 
generally initiated by some 
local lesion such as a poly¬ 
pus, a diverticulum, or an 
inflamed lymphoid patch. 

In adults it may begin at 
the site of a malignant 
growth, and is then prob¬ 
ably brought on by the 
peristaltic effort of the 
intestine to pass the obstruc¬ 
tion. 

Anatomy of an Intus¬ 
susception. As one part of 
Fig. 225. Aciiie intussusception of iieotircai the intestine passes inside 

siisception is composed of 
three layers of intestine—entering, returning, and receiving; and on 
cross-section these appear as three concentric tubes. The outer or 
receiving layer is known as the sheath or iniwtstiscipims, the entering 
and returning layers as the itiimsjisceptutn; the most advanced part 
of the intussusceptum, where the entering and returning layers become 
continuous, is known as the apex : the ring where the returning layer 
becomes continuous with the sheath is known as the neck. The 
entering and returning layers have their serous surfaces opposed, but 
usually they are partly separated by that portion of the mesentery 
Udiich is drawn in as the intussusception-proiM^ds. 

Method of Progression. The apex, of aii'^ussusceptum is formed 
of the same segment of intestine froith,^t tdlasl That-segment is the 
startle^ point;. it speedily liecomes cot^fested and swollen, and consti- 
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tutes a partial obstruction. The peristalsis behind it, striving to ov'cr- 
w^e^the obstruction, drives it onwards as thoiigh it were a foreign 
^bpdjf into the part of the intestine beyond, invaginating that part. 
' ^“^•iPoi'gcstion and oedema make this apical segment so still that the 
inner tube cannot roll round and become part of the middle or return¬ 
ing layer, and therefore, as the invagination proceeds, the middle layer 
is increased, wholly at the expense of the outer layer or sheath. The 
process of indrawing of the sheath and consequent elongation of the 
returning layer is unretarded until tension is put upon the mesentery, 
and after that, onward movement occurs by the stretching, torsion, or 
angulation of the mesentery at the neck of the intussusception. It is 
probable that the intermittent spasmodic pain characteristic of this 
disease is due to that traction. On account of the tension exerted 
through the mesentery the intussusception alters its position and 
becomes curved with its concavity towards the root of the mesentery. 
In cases where the invagination of the bowel is very great, as when an 
ileocsccal intussusception reaches the rectum, the bowel frequently 
forms the arc of a circle, the centre of which is at the root of the 
mesentery, and the increase in length of the intussusceptioti is gained 
by the spiral torsion of the mesenteries. 

On account of the dragging effect of the mesentery, the apex of an 
intussusception may become tilted and its orifice oblique or eccentric, 
and the free antimesenteric border of the returning part may then slip 
down for an inch or two beyond the true apex. This phenomenon is 
most often observed in intussusception of the ilcociccal region and, in 
such cases, when reduction is brought about the colic valve will appear 
before the caecum, which is found to be " dimpled ” on its serous aspect 
from being dragged down in advance of the apex. 

Pathological Effects of Intussusception. The most important 
pathological effects of intussusception are due to occlusion of the blood 
vessels in the mesentery of the affected part of the intestine, and 
intussusception is virtually intestinal obstruction with the risk of 
strangulation (q.v.). 

The first effects are congestion and oedema from the impeded venous 
return; they are followed by the discharge of blood-stained mucus 
into the bowel; and long continued venous stagnation leads to 
thrombosis. The oedema is most marked at the apex and in the 
returning layer; the apex becomes swollen and knob-shaped and may 
form an obstacle to reduction. Finally pressure is sufficient to occlude 
the arteries and then neerdSis and gangrene of the invaginated bowel 
ensue. The vitality of the sheath is seldom imperilled. As a result 
of necrosis, perforation of the bowel may occur. In rare cases after 
gangrene has set in, the necrosed intussusceptum may be extruded 
from the bowel as a slough, resulting in spontaneous cure. 

The rapidity of these changes varies, and, therefore, acute, subacute, 
and chronic types of intussusception are recognized. 

Special Types of Intussusception 

(a) Ileocolic is the commOci^ variety of intussusception, especially 
in infants. The invaginatidn; usiislly b^ins in the last few inches of 
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the ileum and the apex passes through the ileocaecal orifice. As the 
intussusception increases at the expense of the colon the ileocaecal valve 
and the appendix become invaginated—iliaco-ileocolic type. 

(b) Enteric intussuscq>tion5, originating in the small intestine, are 
rare in infants, but may occur in adults as a result of the presence of 
a tumour. 

(c) Double intussusceptions are those in which the sheath has 
become folded upon itself. They are almost invariably found in 
intussusceptions beginning at the lower end of the ileum or at the 
ileocaecal valve. Triple intussusception also may occur. 

(d) Retrograde intussusceptions are those in which the lower part 
of the bowel is invaginated into the part above. They have been most 
often found in the jejunum and in the transverse and descending colon. 
Sometimes they have been observed at post-mortem following a blow 
on the abdomen. The intussusception may be multiple. Several cases 
of retrograde intussusception of the jejunum into the stomach through 
the orifice of a gastro-jejunostomy have been reported {see p. 467). 

{e) Chronic intussusception may occur as a primary condition in 
infants and in adults. It is usually of an ileocolic type. The intussus¬ 
ception may persist for months or even years. Adhesions may form 
between the invaginated coils of intestine and render it irreducible, but 
often there are no adhesions. Ulceration of the implicated coils of 
intestine is common and the sheath may become perforated at several 
points. Chronic intussusception gives rise to paroxysms of intestinal 
;#^lic attended by tenesmus and mucoid discharge from the colon. It 
may culminate^ in acute obstruction. 

if) Intussusception of the appendix is very rare. The invagination 
may begin at any point in the appendix, or partial or complete inversion 
of the appendix into the caecum may occur followed sometimes by 
colonic intussusception. In some of the reported cases, pathological 
conditions of the appendix, such as new growths, mucocele and concre¬ 
tions, have been responsible. 

TUBERCULOSIS OF THE SMALL INTESTINE 

Tuberculosis of the small intestine is not uncommon. It affects 
especially adolescents and young adults, and often it is accompanied 
by tuberculous lesions in the caecum and in the mesenteric lymph 
glands. 

The disease is most common in the subjects of pulmonary tuberculosis, 
and is then attributable to infection by swallowed sputum. It is 
usually a grave complication. Sometimes there is no obvious affection of 
the lungs, and in such cases a milk-borne infection may be responsible. 

The distal part of the ileum is affected most often, for this is the 
most actively absoiptive part of the gut, and, in addition, is the part 
most richly supplied with lymphoid tissue. The disease arises first in 
^e Peyer’s patches and thence to the neighbouring parts of the 

intestinal wall, fotming of typicB^^^pbqwulous characters, with 
pale gripmlatiiig bases and un^^etmi^ et^lesi ‘^h^eers extend in tlie 
direction of t^ lymph oons^^wp^,. they beocxne 
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elongated and lie at right angles to the long axis of the gut. Sloughing 
is much less in evidence than in typhoid ulcers. 

Tuberculous ulcem of the intestine rarely perforate, and their chief 
sui^ical importance lies in the fact that in healing by fibrosis they tend 
to constrict the lumen of the gut and to give rise to strictures. Such 
strictures may be single, but often are multiple. Since the intestinal 
content is fluid they give rise to no symptoms during a long period, but 
eventually they tend to cause chronic and finally acute obstruction. 
Obstruction may be precipitated by the impaction of a foreign botly 
such as a fruit stone, a gall-stone, or inspissated faeces. 

Not infrequently in its acute phases a tuberculous ulcer of the 
intestine may lead to infection of the peritoneum and to the formation 
of peritoneal adhesions, and these subsequently may give rise to 
symptoms by exerting traction upon the intestine or by causing 
obstruction. <. 

ULCERS OF THE SMALL INTESTINE 

Apart from peptic ulcers of the duodenum and tuberculous ulcers of 
the ileum, ulceration of the small intestine is somewhat uncommon. 
In the majority of cases it is attributable to some definite predisposing 
condition, and in this category come jejunal ulcers after gastro¬ 
jejunostomy, dysenteric and typhoid ulcers, malignant ulcers, and, 
rarely, stercoral ulcers in the intestine proximal to an obstruction. 

There remains a rare but interesting type of ulcer, the so-called 
simple nicer of the small intestine. This is a shallow erosion, which affects 
especially the ileum and generally appears to arise in one of the Peyer’s 
patches. It appears to have an especial tendency to perforate acutely, 
when it gives rise to fulminating and often fatal peritonitis. The cause 
of such ulcers is not known. In some cases microscopic examination 
gives evidence of heterotopic gastric mucous membrane in the small 
intestine, and it is possible that the ulcers may be due to such an 
anomaly and be thus comparable to peptic ulcers of the stomach or 
the duodenum. In other cases the ileum contains fsecal masses that 
have regurgitated through an incompetent ileocsecal sphincter, and the 
ulcer may be attributable to the abrasion and infection thus induced. 
In others, again, the ulcer may result from regional ileitis {see below). 

REGIONAL ILEITIS 

This is a non-specific inflammatory process involving a limited 
segment—^from a few inches to a few feet in length—of the intestinal 
tract. It would appear that the disease has become commoner during 
the last decade. In the majority of cases it affects the terminal part of 
the ileum, sometimes encroaching upon the ileocsecal valve and caecum. 
Less often it affects a segment higher in the small intestine or in the 
colon. 

At first there is a subacute inflammatory reaction in the wall of the 
affected part, which becomes swollen with oedema and v&y congested. 
The inflammation progresses to nlceHition of the mucosa and subse- 
qi^tly to tibrosis> With formatiem multiple strictures. In severe 
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cases the ulcers penetrate deeply into the intestinal wall, and ttiey 
may perforate, giving rise to a fulminating form of diffuse peritonitis. 
More often the inflamed part is walled in by adhesions of omentum and 
adjacent intestinal coils, so that when the ulcer perforates a localized 
abscess results. Such an abscess is very apt to spread to the surface and 
burst, giving rise to a fsecal fistula—a complication which is especially 
apt to occur after an exploratory operation. 

The naked eye appearance is characteristic. In the florid, active 
stage the affected loop of intestine is swollen, soft and spongy with 
oedema, and is greatly congested. The adjacent mesentery also is 
cedematous, and contains numerous enlarged glands of soft fleshy con¬ 
sistency. When the intestine is opened, its mucous membrane is seen 
to be swollen and inflamed, its villi and folds submerged in the general 
oedema. Multiple irregular ulcers are generally present, and the inter¬ 
vening mucous membrane may present swollen tags like inflamed polypi. 

In the kter stages the congestion and oedema are less marked, and 
the segment becomes tough and fibrous, with multiple strictures. At 
this stage it closely resembles the hyperplastic form of ileocjccal 

tuberculosis. 



Microscopic examination reveals 
various degrees of acute and sub¬ 
acute chronic inflammatory change, 
non-specific in character. There is 
an infiltration of inflammatory cells, 
and according to the stage of the 
process polymorph leucocytes, lym¬ 
phocytes or plasma cells may pre¬ 
dominate. In the chronic phase 
foreign-body giant eells may occur. 
They are liable to be mistaken for 
tubercle giant cells. 

The cause of regional ileitis is 
not fully understood. It has been 
attributed variously to streptococci, 
colifonn and dysenteric organisms, 
and more recently tb sarcoidosis. 
At present proof of a specific infect¬ 
ing agent is lacking. 

TUMOURS OF THE SMALL 
INTESTINE 

The small intestine is an un¬ 
common site for tumours. Simple 
papillary adenoma, either single or 
multiple, may grow from the mucous 


nature, and forms a small, pale, 
hard mass, which has etidrded 
the g[ut and has given risie teiS' 
very harrow stricture. 

{nepattmtWl 0$Swpery, Univenitg of J 


membrane and form polypoidal 

Leiomyomata 
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tumours which project into the lumen of the gut. They may 
undergo malignant change, and give rise to leiomyosarcoma. Fibroma, 
lipoma and lymphoma and argentophil tumours may occur. The 
special importance of simple tumours of the small intestine is that 
they frequently give rise to intussusception. Indeed, the vast majority 
of intussusceptions occurring after infancy are due to this cause. Of 
malignant tumours, an adeno-carcinoma is the most common. It 
occurs in the ileum more frequently than in the jejunum and forms 
a small white scirrhous growth which tends to encircle the gut, and 
may form a complete ring stricture. Since the intestinal content is 
fluid, symptoms of obstruction develop only al a late stage. Sarcoma 
also may occur in the small intestine either as a primary growth, 
.generally a lympho-sarcoma, or as a myosarcoma developing in a 
simple muscle tumour. Sarcoma tends to form a more massive growth, 
and since it does not constrict the bowel it is less likely to give rise 
to obstruction. 

Argentaiiine Tumours of the Small Intestine. This type of tumour 
resembles the carcinoid tumour of the appendix and is most common 
in the terminal portion of the Ueum w'here it is often responsible for 
obstruction. It has occurred in a diverticulum. An argentnlTine 
tumour resembles a carcinoma in that it invades the tissues locally and 
may extend into the regional lymph glands. The tumour is yellow in 
colour and of firm consistency without any tendency to necrosis. 
Experience has proved that removal of the tumour and of invaded 
lymph glands gives permanent immunity to recurrence, unless, as 
rarely, the liver is involved. 


ENTERIC PNEUMATOSIS (Gas Cysts of the Intestine) 

This rare condition is characterized by the development of multiple 
gas-containing cysts in the subserous coats of the intestine. The cysts 
lie principally in relation to the ileum, but not uncommonly they extend 
over the whole length of the small intestine or even over the caecum and 
ascending colon. They are arranged in clusters and are usually situated 
on the mesenteric aspect of the gut. They rarely exceed the size of a 
pigeon’s egg. At first the cysts are sessile, but later they may become 
pedunculated and hang free in the peritoneal cavity. 

The cyst wall is often thin and translucent, and is then composed of 
delicate connective tissue lined by endothelium. Sometimes the wall 
is thickened, and is infiltrated by lymphocytes, mononuclear cells, and 
giant cells of the foreign body type. The gas, which is under pressure, 
is composed principally of nitrogen, with smaller proportions of oxygen 
and carbon dioxide and occasionally other gases. 

Gas cysts are rare in man, and are usually found by chance on 
exploration of the abdomen for, gastric or duodenal ulcer or, less often, 
other disease.*!. Occasionally cysts of similar nature occur in the vaginal 
wall in pregnancy. 

Enteric pneumajppk^m^ and is of no clinical 

impuxtance, bu^|p attracted much attention, 

and several tew/lteen advanced. It has been 
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suggested that the gas is a product of aerogenic organisms, but this is 
not supported by bacteriological evidence. Many authors have suggested 
that the origin of the cysts is mechanical, and that gas of intestinal 
origin is forced through minute fissures in the mucous membrane as a 
result of vomiting, or irregular peristaltic action, but against this view 
is the absence of intestinal flora within the cysts. 

Masson in a valuable paper has supported the view of a chemical 
origin. He affirms that the cysts are dilated lymph or chyliferous 
channels, and that the gas is derived from chyle by chemical interaction 
with acid products of intestinal fermentation. In support of this view 



Fio. 227. Cystic pneumatosis (gas cysts of the intestine). Numerous air- 
containing cysts, some sessile, others pedunculated, lie under the 
peritoneum on the surface of the small intestine. 

{Department of Surgery, Univereity of Diinburgh). 


he points out, firstly, that chyle contains large quantities of carbon 
dioxide in the form of alkaline carbonates, and, secondly, that gas cysts 
occur most often in conditions associated with increased intestinal 
acidity. Presumably carbon dioxide set free in this manner is 
subsequently replaced by nitrogen diffused from the blood, just as 
oxygen introduced into the pleural cavity may be replaced. 

It is interesting to observe that enteric pneumatosis is common in 
swine fed on dairy refuse, and it is thought that the large quantities 
of lactic acid thus consumed provide the acid necessary for the gas 
production. 
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CHAPTER XXIV 

DISEASES OF THE COLON 


CONGENITAL ABNORMALITIES OF THE COLON 
Congenital Microcolon 

In this rare condition the entire colon with the exception of tJie 
rectum is extremely small, and its lumen may scarcely admit a quill. 
Though reduced in calibre its anatomical structure is perfect; it is a 
colon in miniature. The ileocsecal valve is normal in appearance but 
the small intestine is hypertrophied and contains putty-like masses of 
meconium. Other congenital abnormalities, such as atresia or absence 
of a segment of intestine, may coexist. 

Although many theories have been advanced, the origin of con¬ 
genital microcolon, like that of other developmental errors of the 
intestines, is not understood. The condition results in acute obstruc¬ 
tion soon after birth. Ileostomy offers the only means of relief, but in 
the early days of life leads to progressive dehydration which is not 
. survived. 


Congenital Megacolon (Hirschsprang's Disease) 


The outstanding feature of this disease is that the colon, which is 
dilated and hypertrophied, is from birth or soon afterwards unable to 
evacuate its contents in a normal fashion, although there is no organic 
obstruction of its lumen. Male children are affected more often than 
females in the proportion of five to one. 

Morbid Anatomy. The dilatation of the colon is usually most 
extreme in the sigmoid portion and in about 87% of cases is confined 
to that part. In 34% of cases the upper part or the entire rectum ^ is 
also affected. In others the dilatation may extend to the descending 
or transverse part of the colon, and in about 25% it reaches the ileo- 
csecal valve. The small intestine, however, is never affected. Cases 
have been observed in which only the proximal parts of the colon 
(ascending and transverse colon) have been affected. In many cases, 
at least 10%, there is an associated dilatation of the bladder. In 
exaggerated cases the dilated colon may have a diameter of 15 centi¬ 
metres or more. In addition to dilatation, the affected part of the 
colon shows great hypertrophy of its walls, chiefly of the circular muscle: 
the teeniae are less evident than normally. The serous coat also is 


^ Horst believed that in nearly all cases the obstruction (due to achalasia) is 
situated at the sphincter ani. and that the tMdc walls of the fixed rectum yield less 
readily than the relatively thin coats of the freely nubble p^vic colon, so that the 
rectum, especially its lower half, does not show Sai^ dipgree of dilatation. His 
claims are supported by the fladiog of musetdar hyperta 
larfc proportion of the cases wJdch Imve been exandned; 



of the 
ivtem 


rectum in a 



CONGENITAL MEOACOLON 


503 


thickened, and the mesentery of the colon is elongated to a considerable 
extent, and its vessels and nerves are hypertrophied. 

The colon is greatly distended, aggravated by the accumulation of 
gas. It usually contains a large quantity of pultaccous, scybalous or 
offensive faeces. The mucous membrane is oedematouS and in a state of 
chronic catarrhal inflammation, and is often ulcerated. 

Microscopic examination of the wall of the colon shows enormous 
hypertrophy of the circular muscle, and a variable degree of chronic 
interstitial colitis, evidenced by fibrous tissue hyperplasia and round-cell 
infiltration. Degenerative changes in the intramural nerve plexus 
(Auerbach) have been frequently observed, but whether primary or 
secondary is still debated. 

Whether the distal limit of the dilatation is at tlie pelvi-rectal 
junction or the internal sphincter of the anus there is no muscular 
hypertrophy at these points, nor is there any evidence of mechanical 
or spasmodic constriction. This is indicated by the observation that a 
finger or an instrument may be inserted beyond them without en¬ 
countering resistance. 

Pathological Effects. Obstinate constipation is the most obvious 
effect of congenital megacolon. Many days or even weeks may elapse 
without an evacuation of any kind being secured, and relief is usually 
obtained only by extraneous help. In some cases a certain amount of 
loose offensive fsecal matter is passed each day, but constipation still 
persists and the bulk of the intestinal contents is often retained ; likewise 
fluid introduced into the colon by a rectal tube is retained. 

Megacolon varies in degree and in the age at which it becomes 
evident. In many, gross distension of the abdomen and visible peri¬ 
staltic waves are present in the first few weeks of life. ^ In others, 
progressive tumidity and obstinate constipation persist during months 
or years. In less severe cases, the only signs of the affeetion may be a 
slight, persistent abdominal distension and chronic constipation, which 
may persist into adult life. 

As the disease progresses, distension may assume immense propor¬ 
tions and the abdominal muscles become thin from stretching, the 
diaphragm (especially on the left side) greatly elevated, and the costal 
angle widened and its margins everted. The general nutrition suffers, 
and emaciation, anaemia, and debility ensue. If untreated a fatal issue 
frequently results in childhood from toxaemia and anaemia. Sometimes 
complications such as perforation of the colon, intestinal obstruction 
from strangulation, and intussusception delrelop, and usually prove 
fatal. 

etiology. It is now generally agreed that the dilatation and 
hypertrophy in megacolon are not due to mechanical obstruction as by 
valves or by kinking of the colon. It is true that the pelvi-rectal 
junction may become kinked, ,but this is believed to be caused by 
gflgg ing of the elongated colon and is a result, not a cause of the 
obstruction. , 

The explanation xno^cKUnpaMhle wihb the pathological and clinical 
features is one ^hich relates the disease to neur^mu^ular inco¬ 
ordination resultiii|: firom a reiatiye sym^thetic over^tidn. The distal 
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ptot of the colon, like the rest of the alimentary canal, is controlled by 
the autonomic nervous system, from which it receives both para> 
sympathetic and sympathetic fibres. Its parasympathetic supply, 
which is propulsive in action, is derived from the pelvic visceral nerves 
which emerge from the sacral nerve roots? its sympathetic supply, 
which maintains the normal tone of its sphincters, is derived mainly 
from the lumbar splanchnic nerves ^ each side, and is distributed 
along the inferior mesenteric artery ^d vid the hypogastric plexus. 
In congenital megacolon it would appear that the normal coordination 
between the two systems—emptying and filling—is disturbed, and that 
there is a relative overaction of the sympathetic which exaggerates 
the normal tone of the sphincters which remain closed, not from 
spasm, but from inability to relax. Recent clinical and experimental 
observations have substantiated the validity of this hypothesis. 
In megacolon, division of the sympathetic nerve fibres of the distal 
colon is generally followed by relief of the obstruction, but the long 
established distensibility of the colon persists. 


ILEOC>ECAL TUBERCULOSIS 

Compared with the small intestine the colon is rarely the site of 
tuberculosis, and when infection occurs it is almost always of the ileo- 
^ssecal region. The resulting lesion mimics cancer very closely, but its 
^.^thological features are very characteristic. .It assumes a chronic 
^ #ad hyperplastic form, and occurs in adults between the ages of 
‘ twenty and forty years. It is rare under ten years, and still more so 
alter the age of sixty. For a reason that is not obvious, females are 
more frequently the subjects of this form of tuberculosis than males. 
Often there is a familial liistory of tuberculosis. 

.etiology. It is generally conceded that this, yariety of intestinal 
tuberculosis constitutes a primary lesion, in that'.±here is rarely any 
evidence of active tuberculosis in the lungs or other organs."^ Whereas 
tuberculosis of the ulcerative type in the small intestine j(s of quite 
usual occurrence in patients with active pulmonary tuberculosis, ileo- 
ceecal tuberculosis is very rare. 

It is probable that ingestion of tubercle bacilli is the common mode 
of infection. The occasional presence of ulcers in the colon, infection of 
the mesenteric lymph glands, and coincident strictures in the small 
intestine support this mode of origin. The bovine type of tubercle 
bacillus is held to be responsible. 

Morbid Anatomy. The process begins in the submucous or subserous 
coat of the colon, where tuberculous follicles develop amidst an area of 
round'Cell infiltration. Tubercle bacilli are difficult to demonstraW 
Tissue reaction causes abundant proliferation of fibroiu tusue, especi¬ 
ally in the submucous layer, but often pervading all the coatsi Fibtjosk 
is the outstanding pathological feature of the action, thoughlgaseation 
may occur, but is rarely very obvious!) T^e disease generally starts_in 
the cecum, and it may^exte^ towards the hepatic llbxure. 
is sometimes involved; and the aj^ndix, whwh isretracted 
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towards the caecum so that it is scarcely recognizable, seldom entirely 
escapes. ; 

The diseased portion of the colon shows general thickening and coarse¬ 
ness of all its coats, which with much deposition of fat and infiltration 
of the mesocolon may give rise to 
an obvious tumourp Contracture 
of the mesentery causes puckering 
of the l^wel, which becomes ftced 
an^ ngid, and the colon becomes 
shortened and drawn towards the 
liver, and, as a result, the ileo- 
caecal angle becomes obtuse. The 
, adjacent lymph glands are usually 
enlarged and may be caseous or 
calcified. 

From contraction of the fibrous 
tissue the lumen of the colon is 
reduced to a narrow channel, some¬ 
times at a localized area, but more 
often over a considerable length. 

The colic valve is shrivelled and 
rigid, and may be difficult to 
identify. The small intestine often 
is affected by multiple strictures. 

The mucous membrane of the 
colon is thick and cedematous and 
commonly is thrown into polypoidal 
folds. Sometimes there are large 
superficial ulcers with rather raised 
edges, situated either in the affected 
part of the bowel or somewhat distal 
to it; cicatrisation of these ulcers 
may produce strictures of the lumen. 

A combination of tuberculosis 
and carcinoma has been observed in 
a number of instances, and generally 
it would seem that a tuberculous 
infection had been the primary 
lesion and the cancer of later 
development. 

The effect of deocsecal tuber¬ 
culosis is usually to cause obstruction 
(but acu^ symptoms may be long 

aeferre^ In some acute obstruction has followed impaction of foreign 
bodies such as gall-stone or fruit stone. Perforation of a tuberculous 
cecum is rare. Clinical diagnosis of ileocecal tuberculosis may be 
difficult on account of its close resemblance to cancer. Diarrhoea and 
melegaa are seldom present. / Formation of a cold abscess or of a fascal 
fi^la several months aftei^ removal of the appendix is not an un¬ 
common way in which the underlying disease may be revealed. 



Fio. 228. Ileoctecul tuberculosis. The 
wall of the cfecum and of the distal 
part of the ileum is greatly thickened 
as a result of fibrous and fatty 
infiltration. The ileum enters the 
caecum at a very «»btuse angle. In 
this case acute obstruction followed 
impaction of a plum stone at the 
stricture. 
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Chronicity of the symptoms, often with long periods of intermission, 
may help to suggest the diagnosis. A barium enema may prove 
helpful by indicating stenosis of the colon over an unusually wide area 
and the approximation of the ileocaecal region towards the costal 
margin. 

At operation recognition of the tuberculous nature of the lesion may 
be impossible, unless some additional feature such as caseous glands or 
stricture of the ileum is present to lend confirmation. 

As the effects of this type of lesion are mechanical, extirpation of 
the diseased segment of intestine is the method of choice ; and, as the 
lesion is generally an isolated one, surgical treatment has no contra¬ 
indication. 

Tuberculous Colitis. In rare instances the mucous membrane of 
the colon becomes the seat of widespread tuberculous ulceration. It 
affects the distal colon and the rectum, which become greatly thickened 
and oedematous. Though resolution may occur, the disease tends to 
pursue a very chronic course and often leads to widespread stenosis of 
the bowel. Cold abscesses and fistulas complicate the disease in many 
instances. 


DIVERTICULA OF THE COLON 

Diverticula of the colon are present in at least 5% of patients over 
forty years, though they may produce no symptoms and are often 
discovered accidentally. 

Diverticula occur in adults, and males are affected more often than 
females in the proportion of 2 : 1. The pelvic colon is the commonest 
site and may be the only part affected, but quite frequently the trans¬ 
verse and the descending colon are involved. The caecum and ascending 
colon are seldom the site of diverticula. 

Spriggs formulated the features of the early stages of the disease 
by means of repeated radiographic examinations. From these, he 
recognized three stages in the development and progress of the disease : 
; (1) a pre-divcrticular stage ; (2) a stage of formed diverticula—diverti- 
' culosis; and (8) a stage when inflammatory changes have occurred— 
diverticulitis. The early stage may be noted to pass gradually to a 
more advanced one. or ali stages may be present in different parts of 
the bowel or in a segment of it. 

i£tiology. The common occurrence of diverticula at potentially 
weak points in its wall, such as the point of entry of blood or lymph 
vessels, supports the belief that they are of the nature of pulsion 
diverticula, formed as a result of abnormal pressure within the bowel, 
augmented, maybe, by bacterial infection of the walls and spasm of its 
circular muscle fibres. 

Constipation has been blamed as an important factor in the pro¬ 
duction ,bf diverticula, on account of the increased tension it imposes 
on the wall of the cplon, but it is present in qnly half the cases. 
Spriggs believes that(irritation caused by injudicious purgation with 
resulting stagnation of liquid fseces in the sigmoid is a more likely 
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The frequency of diverticula in stout subjects suggests that 
infiltration of the muscular coat of the colon with fat leads to localized 
weakness which favours pouch formation. 

According to Keith, irregular sustained contraction of the eolon 
precedes the formation of diverticula, and this is substantiated by the 
radiographic appearances of early cases. Pm- 
bably in m'any subjects an inherent weakness 
of the walls of the colon predisposes to the 
occurrence of diverticula. 

Pathological Features. Early stages of the 
formation of diverticula are best demon¬ 
strated in radiograms after a barium enema. 

One of the first changes is thati^the affected 
part loses its normal segmentation and 
presents a more rigid and spastic outline. 

Small bead-like projections of recently formed 
pouches may be detected at several points; 
and, after a variable period, diverticula may 
appear in parts of the colon which previously 
showed only spasticity. In the early stages the 
pouches are globular in outline and their necks 
relatively wide, which allows faecal matter to 
enter and leave them freely. Later the pouches 
are flask-shaped and their necks are com¬ 
paratively narrow. 

In the early stages the only evidence of 
diverticulum formation is a slight superficial 
corrugation of the serous surface of the bowel. 

In typical cases, at a later stage, the colon is 
studded with pea-like projections, often coated 
with fat. Only the larger pouches are detect¬ 
able on the exterior. Any part of the circum¬ 
ference of the bowel may be affected, but points 
of entry of blood vessels and the appendices 
epiploicse are favourite sites, and the tseniee 
coli are rarely affected. Each diverticulum 
consists of a protrusion of mucous membrane 
into or througli the muscular coat, and in all 
but the smaller pouches muscle fibres are present only at the neck. 
Pellets of inspissated faeces sometimes form in the interior of diverticula 
(stercoliths) and may cast a shadow visible on radiography. Seen 
from the intmor the mouths of the diverticula may be circular or 
slit-like, but more often on account of inflammatory redema of the 
mucous membrane they can be detected only when the bowel is stretched 
or when faecal matter is expressed from them. Localized thinning of 
the colon is noted at the neighbourhood of the most recently formed 
diverticula. 

Secondary inflammatory changes in the walls of the diverticula 
(diverticulitis) and in the adjacent colon (peridiverticulitis) are com¬ 
mon, and it is from these clianges that symptoms commonly arise. 



Fio. 220. Diverticu¬ 
litis. The colon is 
segmented in a 
ladder - like fashion 
and all the coats are 
the seat of Kbroiis 
tissue proliferation. 

(By eourtegy of Mr. J. W. 
^rvlken.) 
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The inffaminatory changes are often slight and are associated with a 
round-cell infiltration and librous tissue proliferation, and, what is 
very characteristic, the accumulation of quantities of fibrp-fatty tissue. 
The overgrowth of fibrous tissue and fat is most evident in the appen¬ 
dices epiploicae, in the mesenteries, and in the subserous or the sub¬ 
mucous coats of the bowel and is often so great as to conceal the 
diverticula completely. Contraction of the newly formed fibrous 
tissue may lead to stenosis of a segment of the colon, or may 

involve a considerable portion, 
giving it a rope-Uke and rigid 
appearance. When stenosis becomes 
extreme, acute or chronic intestinal 
obstruction' may result. I^imilar 
changes cause (shortening of the meso¬ 
colon and lead to abnormal fixation or 
to angulation of the colon, and in¬ 
crease the difficulties of operation.) 
Contraction of fibrous tissue around 
the neck of the diverticula leads to 
retention of faecal matter and favours 
the occurrence of inflammation. Ulcer¬ 
ation of a diverticulum by infection 
may terminate in perforation and lead 
to general peritonitis, or more com¬ 
monly a localized abscess. The abscess 
usually points in the left iliac fossa, 
but it may perforate the bladder 
and form a colo-vesical fistula. 
Ulceration of the colon is rare and 
therefore haemorrhage and mucous 

Fio. 230. I’ortion of niiiiir speci- discharge are not usual.) 
men as depicted in Fig. 220, to Acute exacerbations are apt to 
show the orifices of the diverti- occur in divertieulitiSj and are often 

_ ,,, T nr o, , 1 . ^ associated with a mild degree of local 

(ByeoMtetyofMr.J.W.StndhKTs.) i f ■ • 

peritonitis with attacks of pain in the 

left side of the abdomen. 

Subjects of diverticulitis commonly suffer from lumbago, from 
spondylitis, and from other chronic lesions of ligaments and joints. 

Differentiation from malignant disease is difficult when diver¬ 
ticulitis gives rise to a palpable tumour. Cancer and diverticulitis have 
been coexistent occasionally, but the association is too infrequent to be 
of practical importance. In diverticulitis great help is obtained frtim 
radiographic examination after a barium enema: barium may he 
retained in diverticula for many weeks. 

The pathological changes in connexion with diverticulitis may be 
so widespread as to predude resection, while th^ infection of the bowel 
^all renders it unsuitable for ^^rimary suture. 

Congenital DivertidiilfaDh^fif the Caecum. This type of diverticulum 
is rare. It is solitary jand e9^t|ges from the colon on its' medial aspect 
inioHdiately above the ileoGSecd valve. It is of development origin. 
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usiially small, and has a complete covering of muscles. The neck of the 
diverticulum is narrow, a factor which predisposes it to inflammatory 
complications similar to those in appendicitis. In some instances the 
inflamed diverticulum becomes inseparably bound to the colon and a 
mass develops which may simulate carcinoma. 


SIMPLE TUMOURS OF THE COLON AND RECTUM 


Simple connective-tissue tumours are rare in the large intestine. A 
submucous lipoma is commonest and generally occurs in the c*eeum, 
where "it may give rise to 
obstruction or simulate 


appendicitis. 

Commoner and more im¬ 
portant are the epithelial 
tumours, which take the 
form of papillomata. Oukes 
found that in 127 subjects 
post-mortem they were pre¬ 
sent in 10%, the incidence in¬ 
creasing after the age of forty. 

Papillomatous growths 
vary in appearance, and three 
types may be recognized: 
(1) a smooth pedunculated 
polypus; (2) a villous papil¬ 
loma ; and (8) diffuse poly¬ 
posis. 

A pedunculated polypus 
occurs frequently in the 
rectum of cUl<^en. Arising 
as'an adenoma of the mucous 
membrane it becomes pedun¬ 
culated as a result of 
peristalsis and it may be 
protruded at the anus. Its 
surface is smooth or mul- 
berry-like and its colour pink 
or red according to the 
degree of congestion. In 



children this tumour, which 
is adenomatous in structure, 
is simple; but/in adults it 


Fio. 281. Carcinoma of the pelvic colon: 
dual growths. Note the pedunculated 
papilloma above the distal tumour. 


shows a tendency to become {DepartmtiU of Sutgery, Unioffsitg of Bdinhufgh,) 


malignant^ 

A villbus papilloma* may be flat or pedunculated. Its size varies 
from that of a pin’s head to a large button; its surface may be smooth, 
shaj^^, or mammillated. ^ papilloma is. often solitary^^ or there may 
be several hundred scattered ovor a segment of the colom 
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Microscopic examination shows epithelium composed of columnar 
cells supported by a core of connective tissue derived from the sub¬ 
mucosa. The blood vessels are thin walled and often dilated. 

Diffuse Polyposis. When the colon is covered diffusely by papillo¬ 
mata the resulting disease is known as diffuse or multiple polyposis or 
colitis polyposa. The polypi are preceded by a generali^d hypertrophy 
of the mucous membrane and submucosa, as though it were ^e'seat of 
irritation. The descending and pelvic parts of the colon are the 
most often affected, but the csecum and rectum may sometimes 
be involved. 

Diffuse polyposis is a precancerous condition. It is common in 
childhood. Nothing definite is known of its aetiology, but it is well 
known that it is often hereditary, as also is the predisposition to cancer. 
The polyposis is accompanied by a variable degree of colitis, so that 
diarrhoea with blood in the stool^is usual and may lead to great 
depletion. 

{Relation to Cancer. Polypi and cancer in the colon frequently 
coexist. In specimens of cancer of the colon removed at operation 
.Dukes found papillomata in 75%: they occurred generally adjacent 
to the tumour and were often numerous. Thus it appears that the 
associatipn of benign papillomata and cancer in the colon is very 
important and more than accidental. 

That a simple papilloma may occasionally become malignant is 
known, but more often the malignancy develops elsewhere in the bowel. 
The expmences of Lockhart-Mummery afford evidence that an adenoma 
may herald the development of carcinoma : in a series of 50 cases, 
observed and treated for many years, carcinoma developed in no less 
than twelve. 


CANCER OF THE COLON 

The colon is frequently affected by cancer. The disease arises ui 
later life, an^ .is usually of slow progress and'metastasizes, if at all, at a 
late stage. ■ Occasionally it affects younger persons and then progresses 
more rapidly and disseminates earlier. 

In over 40% of cases the tumour affects the pelvic colon; less 
often it affects the ascending, the transverse and the descending colon 
(in that order of frequency). The csecum proper {i.e., the portion of 
the colon below the ileocaccal valve) and the splenic flexures are each 
affected in about 5% of cases. The h epa tic flexure is a rare site. 
Occasionally there are two or even more tumours, apparently distinct, 
either a few centimetres apart or in different portions of the colon. 
Rarely the removal of one tumour is followed several months or even 
years later by the development of a second or even a third “ primary ” 
growth. 

, ‘Microscopic StriMllre. Tlie carcinoma has the structure of 
columnar^cell carcinoma, and the histological features vary some¬ 
what according to the degree of differentiation of the pells and 
the lunount of fibrous tissue ptroma. Generally the , colunmar cells 
wre arranged in irreg;i]at,a^^ but sometimes the acinar arrangement 

i) 
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is lacking and they lie in solid groups, interspersed with a scarity 
areolar stroma.; Not infrecpiently the tumour undergoes mucoid (colloid) 
degeneration, and this character is usually rcj)roduccd in mctastascs. 

Types of Cancer of the Colon 

According to their naked-eye characlere, two principal types of 
cancer of the colon are recognized, (1) the proliferative type, (2) the 
annular sclerosing type. The second is the commoner, although 
intermediate types are frequent. 

(1) The proliferative type occurs usually in the cjrcum or the 
ascending colon, less often in transverse and distal colon. It is a bulky 
tumour, which pro¬ 
jects into the lumen 
as an uneven, nodular 
mass. Its surface 
ulcerates, leading to 
heemorrhage and in¬ 
fection. The tumour 
does not encircle the 
bowel, but obstructs 
rather in virtue of its 
bulk. Since the 
proximal part of the 
colon is capacious and 
its contents fluid, ob¬ 
struction does not 
supervene until late, 
and in some the only 
effects during a long 
period are anaemia and 
cachexia aggravated 

by infection. The irri - Fig. 232. Adeno-carc.innnia of the colon. The 
tation from the tumour tumour is composed of columnar, niucus-sccreting 
and the adjacent in- ceiu di.po.cd i„ irregnl^ acini. 

flamed mucous membrane may lead to diarrluca with abundant mucus 
in the stools. 

(2) The annular type occurs in its characteristic form in the distal 
part of the bowel, especially in the pelyjc colon, but it may 
occur more proximally, for example, in the transverse colon or at the 
mid-part of the ascending colon. It grows slowly, and forms a small 
tumour, which does not project much irito the lumen, but infiltrates 
the wall of the bowel, encircling it. ‘ On account of the slow infiltrating 
character and the accompanying fibrosis, the tumour leads to a localized 
constriction of the colon, as by a cord (string stricture). On the mucous 
surface the growth remains circumscribed, with little longitudinal 
extension, an<^Ulceration may be long delayed and never very extensive. 
The affected part is rendered stiff, and its lumen may be reduced to a 
very fine bhannel. 

On “amount of the absence of much ulceration, this type for long 
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,glres rise to little disturbance of health, and j^njprally ^he first effects 
progressive, and ultimately acute, obstruction. • 

Pathological Effects 

Mention has been made of several of the effects of colon tumours, 
for example, haanorrhage and toxic absorption, which are more pro¬ 
nounced in the pro^mal 
portion of the colon,. Ob¬ 
struction is most likely to 
occur iri the annular type, 
especially when it is situ¬ 
ated in- the distal part 
of the colon, where the 
lumen is of small calibre 
and the fsccal content 
solid. Generally, the ob¬ 
struction arises insidi¬ 
ously, and is evidenced 
by increasing constipation 
and progressive abdominal 
distension. Eventually 
obstruction may be com¬ 
plete, and frequently that 
seems to be the first evi¬ 
dence of the disease. 
Complete obstruction may 
be due to st^osis of the 
bowel, but oKen it is 
precipitated by impaction 
of a fsecal mass or foreign 
body in the narrowed 
part. On rare occasions 
obstruction results from 
.^inUissi^cqption of the 
affect^ segment into the 
bowel distally. 

In progressive obstruc¬ 
tion the gut proximal to 
the constriction is hyper- 
° trophied and later dilated. 
Dilatation affects espe¬ 
cially the c^cum, which is distended by fluid fsecal matter and gas. 
Put^actioti of retained fsecal matter favours development of the 
st CTeoi^ which may give rise to localized peritonitis or may per- 

IS«ate,..tewCigfhlminating difitise peritonitis. Ferforation of the csecum 
ig'erij^^dw^y .likely to occur when the abdomen is opened and the colon is 
deprived of the su^por|jO| the abdominal walls. Lopgi^ldinal sphto in. 
tlMjijBenia toll occur 'lto^’^l^viientoere is great d tllcemtion 

elbse to tlm site of ettnod^ may pvdx infeotion of the retrocolic areolar 
tissues, and may lead to ani^nttofieritoiii^ w extrajieritoii^ khsc^j 
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Avenues of Extension 

Cancer of the colon generally grows slowly. It cxionds priiu'ipall 
by direct infiltration of adjacent tissues and, later, by invasion of lyinj) 
vessels and glands. ^ Metastasis to distant sites, such as the liver, is 
late feature. 

Direct InjUUration. At first the gn)wth is limited to the mucous an< 
submucous coats, and in these layers it tends to spread mainly at righ 
angles to the long axis of the gut. This is especially evident in th 
annular type of tumour. Later the growth penetrates the muscle coal 
and may erupt at the peritoneal surface or inv’adc the retropcritoneti 
tissues and the muscHes of the abdominal wall. In some eases a growt 
erupting at the peritoneal surface disseminates to many parts of t.h 
peritoneal cavity and gives rise to multiple metastases, especially ii 
the omentum, on the surface of the ovaries, or on the pelvic .floor, li 
others, as a result of superadded infection or direct infiltration, th 
affected portion of bowel becomes adlu;rent to other viscera, jiarticulurl; 
the small intestine or its mesentery, the bladder, or lliip uterus or it 
appendages, so that at operation sacrifice of parts of these organs rna; 
be necessary. 

Lymph Spread, Tumours in the proximal and distal parts of tin 
colon differ considerably in their paths of lymph vascular extension 
The normal absorptive function of the proximal colon demands ai 
abundant lymph drainage, and consequently there is a large number o 
glands in relation to this part. Tfie distal colon, having no absorptivi 
function, possesses fewer glands. 

For the colon the lymph vessels and glands are disiKxsed along th< 
main arteries. A few glands (cpicolic) lie on the surface of the gut, but 
the more important ones lie within the mesenteries or in the retro 
peritoneal tissues. In the ciccum and the ascending colon the gTaridi 
along the ileocolic ^'esscls are involved ; in the transverse colon th< 
glands in the mesocolon, and rarely, if the omentum is adherent, th« 
gastro-epiploic glands ; in the distal part of the colon the glands aloiq 
the inferior mesenteric vessel and its branches are affected. 

The differences in lymph drainage of the proximal and the dista 
colon are reflected in differences in the treatment and in the prognosis 
in the two situatiomf. The numerous and relatively distant lymph 
glands in relation to the proximal colon necessitate a wider resection of 
the gut, and render subsequent recurrence more probablp. The paucity 
of glands in relation to the distal colon justifies a local resection, and 
greater expectation of permanent freedom from disease. 

Blood Spread. Metastases by the blood stream .geldom occur except 
in the advanced stages of the disease. Occasionally, however, they 
may do so earlier, and sometimes metastases develop in the liyer, even 
before extension of the disease locally. 


STRICTURE OF THE RECTUM 

Stricture of the rectum may result froip^traun^tism or follow any 
type ofulcer, including 'indignant disease. Apart from these there is 
a oFfi^tal stricture which has long been recogmsed, though until 

«. MXH 17 
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recently its ectiology was obscure.' It nearly always occurs in WOTien 
and <»riginates as a hyperplastic hbrosis in and around the connective 
tissue of the rectum. In the'enurse of years the scarring extends and 
leads to a long, and cN'entually >'ery tight stricture, situated usually 

2 to 3 inches from the anus. The 



mucous membrane may remain 
free from ulceration unUl a late 
stage. Finally there may be fistulie 
on the skin surface, and elephan- 
t.iasis of the vulva may develoj^ 

This type of stricture of the 
rectum was formerly ascribed to 
gonorrhoea or syphilis, but though 
it is possible that occasional cases 
have such an origin, recent 
observations prove that most a re 
due to infection by the virus of 
lympho-granuloma venereum. The 
infection, which is transmitted as 
a venereal disease, is seen most 
often in tropical or Mediterranean 
countries, but occasionally is 
brought to this country by persons 
returning from abroad. In man 
the rectal manifestation of the 
disease is rare and when it 
occurs a direct contagion may be 
assumed. 

In diagnosis the I^i reaction 
(an allergic reaction induced by 
intradermal injection of extracts of 
fresh infective material) is almost 
specific. 

CARCINOMA OF THE 
RECTUM 


l<'n;. 2:M. Stricture of the rectum. 
'I'he lumen is narrowed by a stricture 
alntost 5 inches in length. The 
raucous membrane is extensively 
ulcen^ whilst the outer coats are 
infiltrated with a thick layer of 
dense jibrous tissue. 

W. S. jBtaeUoek.) 


Cancer of the rectum differs 
only slightly in its pathology from 
cancer in other parts of the colon, 
but on account of its position it is 
more convenient to consider it 
separately. 

Carcinoma of the rectum is said 


to be four oar five time s as freq uent 
^ll^ects the tw o ^ xes with^jibout fsg^ual frequency, 
l^d m^tTofb^^ W foi^jmd sixty years of i^e, although it is not 
v^ imoornnkm at ms c»d&er iige^ 

_... '''Isa a A • 


Tbb growth htfiis 
tomour is just^ ou^ 


at the pdvi>rectal. junction, where the 
,0^ aii mouninmg'fingerr ' It may be 
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Situated at, or just below, the peritoneal reflection. That relation is of 
importance because, when the growth abuts on the peritoneum, metas- 
tases may occasionally be diffused over a wide area by the subserous 
lymph vessels, or there may be a large plaque of disease in the peri¬ 
toneum of the rectovesical pouch. Such highly placed growths are 
almc^t always of animlar type, similar in character and in effects to 
those of the colon^ 

In the ampulla the cancer may be of a cauliflower type, or it may 
be sessile and extensively ulcerated. There arc associated papillomata 
in about 80% of cases. Generally, tumours which grow towards the 
lumen of the bowel are less malignant' than the flattened type which 
penetrates the rectal walls at an earlier stage. An exception to this 
general behaviour is the primary mucoid type oT carcinoma, which is 
usually a bulky tumour of rapid growth, with marked invasive characters 
and a tendency to early metastasis in glands and by the blOod stream. . 

Microscopically, the tumour is usually of columnSir-cell type. 
There is considerable variation in different tumours, and in parts of 
the same tumour, and examination of only part may lead to fallacious 
conclusions. Within certain limits the histological appearances pro¬ 
vide a fairly reliable indication of its grade of malignancy. The comnion 
appearance is one of ill-formed acini or alveoli, composed of ce|,ls of 
primitive type with many mitoses. More benign types may give the. 
impression of a simple adenoma. The mucoid type, w.luch is^the most ' 
malignant, is composed of irregularly arranged cells distended with 
lightly staining cytoplasm (signet-ring pattern): it represents a malig¬ 
nant hyperplasia of mucus-forming cells, and is very maligtmnt and 
should be differentiated from the relatively benign types in which a 
high degree of differentiation is suggested by elaboration of mucus 
within the irregular acini of the tumour. 

In the majority of instances, carcinoma of the rectum is of relatively 
slow growth, and for long remains confined to the mucous membrane, 
sometimes for as long as a year. There are three methods of spreatl: 
(a) by direct infiltration, (6) by the lymph vessels, and (c) by the blood 
stream. 

(a) Spread by Direct Infiltration. Tumours situated at the pelvi¬ 
rectal junction encircle the wall of the rectum producing stenosis. At a 
late stage they spread through the rectal wall and reach the parietal 
peritoneum, where they may give rise to secondary nodulc.s; or spread 
to adjacent viscera such as the bla^^der, the qreters, or the uterus. 

A cafmhoima' in the apipulla grows centrifugally, especially wiien of 
the crateriform ulcer type. Occasionally n^iiles appear at a distance 
from the parent tumour, presumably the result of loc^zed spread in 
the submucous lymph channels. 

The muscular coats are penetrated first at the central or qplj^st 
part of the tunidui*, and the growth then sprees in the fat and 
areolar tissue around the rectum. At this .stage (it Um within ^he 
fasc ia pro pria of the rectum, and not infrequently: ext*^d9 in tihi^ 
for a considerable distknee without involvement of adjacent organs, or 
even of the regional lypiph glands. covering is 

involved and the pararectal tissues are inVided rectum may become 

^^11. r ' 
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fixed to the .sacrum or to neighbouring vi.«cera. By direct spread the 
base of the bladder, the seminal vesicles, or the prostate may be involved, 
and in the final stages fistula* may develop. In women the posterior 
vaginal wall is often implicated. Oc'casionally abscess formation occurs 
in the pclvit; cellular tissue or in the ischiorectal fat, from leakage at the 
site of f lic tumour, 

(A) Spread by the Lymph I'mrAy. Examination of specimens 
removed at operation shows that tlic regional lymph glands are the 

scat of metastasis in about 50% of 



Kio. t’ttulillowcr lypc of 

curcinonm of rrclnni. 

iDepitrtmrnt of Utirgerfi, Vnirrrnlit uf 
Xdinbtirgh.) 


cases. Usually only a few glands are 
affected, but sometimes, and especi¬ 
ally in rapidly growing tumours (even 
at an early stage), there may be very 
widespread involvement. In the ma¬ 
jority of cases the glands are un¬ 
affected until the tumour has pene¬ 
trated the muscular wall of the rectum. 
Enlargement of the glands from in¬ 
fection is common and greater than 
usually occurs from metastasis. 

The glands arc situated in the 
perirectal fat and within the fascial 
sheath, and are disposed around the 
lower jiart of the superior haimor- 
rhoidal artery and its terminal 
branches, and when the rectum is 
removed (enclosed in its sheath) the 
glands are included. The affected 
glands are found usually a short dis¬ 
tance above the level of the tumour, 
but in a few instances, those at a higher 
level may be the site of metastasis 
without involvement of those adjacent 
to tfie tumour; but metastasis in 
glands higher than the main trunk of 


the sufierior ha;morrhoidal artery is 
exceptional. In the radical operation for carcinoma of the rectum 
removal of tlic higher glands should be ensured by ligation of the 
superior hsemorrhoidal artery at as high a level as possible.^ 

Spread of carcinoma l>eyond the rectum by a general lymph vascular 
permeation appears to be prevented by the investing fascial sheath ; 
therefore, involvement of the peritoneum, the levator muscles, and the 
anal sphincters is very rare. This justifies a fairly circumscribed 
removal. 


As in carcinoma of the breast, so in carcinoma of the rectum, the 
presence of glandular metastases has an important relationship to the 
probability of local or general recurrence after operation. Thus Gabriel 
found that there was a 19% survival after three years, in cases m which 
metastasis had been demonstrated, as compared with 86% in cases in 
which the carcinoma was confined to the walk o^ the rectum and in 


CARCINOMA OF THE RECTUM 


517 


which there was no metastasis. Even in cases with extra-rectal spreail 
and without metastasis the survival rate {over the same period) was 
78%, which signifies that glandular metastasis is more important in 
prognosis than the extent of the t umour. 

(c) Spread by the blood stream is infrct|ucnt, but is not nwessarily 
a late feature of the disease. It occurs most frequently in rapidly 
growing tumours in young subjects. Generally the liver is involved 
alone ; but in rare instances metastases are found in the lungs and other 
organs. When recurrence takes place after operation the liver is usually 
affected. Prior to radical operalion the liver should Ije examined 
because, thereby, a needlessly severe operation may be avoided. 

Carcinoma of the rectum is often latent until an aih’aiu-ed stage of 
the disease, and, until ulceration of the tumour occurs, symptoms are 



Kig. Ctiiiccr of the rectum. The tumour is an adeno-<*arciiioinii 

composed of columiiar cells arranged in fairly well-formed acini. 

frequently absent. Pain is a late feature, but ultimately it may give 
rise to great distress. Ulceration results in abundant mucous discharge 
and bleeding, and, sometimes, haemorrhage is very profuse and even 
fatal. When the growth is placed high in the rectum obstruction 
of the colon results and may be acute. Death has occurred from 
perforation of a rectal carcinoma into the peritonf»il cavity, but it is 
a rare complication. Involvement of the pelvic nerve trunks may 
occur at a late stage. 

CARCINOMA OF THE ANUS 

Cancer at the anus generally arises at the jun ction o f the columnar 
and squamous cell lining. Usually there is no obvious jirecancerous 
iesl^', but occasionally it is preceded by a fissure, an ult'er or a burn. 
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The tumour is a squamous-cell carcinoma; it may be^apillary in type or 
a'^rateriform ulcer. It does not tend to spread up the rectum, but it 
may invade the skin of the perineum extensively. Involvement of the 
anal sphincter may lead to incontinence. Metastatic growths develop 
in the inguinal lymph glands. In many instances the disease is first seen 
when successful treatment is impossible. 


MELANOMA OF THE RECTUM 

This type of tumour is of rare occurrence. It arises from the skin 
within the anal canal as a hard nodular mass dark in colour. It tends 
to grp)!K.iipwards into the rectum, the coats of which may be extensively 
invaded. There i» variation in its degree of malignancy T^some tumours 
remain loc^ized and grow only slowly, others grow r^tpidly and meta¬ 
stasize widely both to the lymph glands and by the blood stream. The 
inguinal glands are sometimes the seat of secondary deposits. JPigmen- 
tation of the regional glands may be due simply to phagocytosis of 
pigment granules, but is more often due to cellular metastases. ' 
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CHAPTER XXV 

V 

DISEASES OF THE VERMIFORM APPENDIX 

APPENDICITIS 

The history of appendicitis requires no recital, for almost in its 
entirety it comes within living memory. Until 188.> the disease was 
rare, yet within tWMity years it had attained the position of being the 
most common of all acute abdominal illnesses. At first consideration 
it might be supposed that such a remarkable change in incidence, 
occurring at the time when the surgery of the abdomen was advancing 
most quickly, might be attributable principally or entirely to a keener 
recognition of the disease ; but, as Rendle Short has shown, this is not 
so—the increase is actual, not merely apparent. 

Although appendicitis was known in the eighteenth century, 
it leceived little recognition until 1886, when Fitz described a long 
series of cases, distinguished it clearly as the commonest cause of 
“ perityphlitis,” and gave it the name now imiversally adopted. From , 
1886 to 1905 there was a great increase in the frequency of the disease, 
first noticeable in the cities and towns of Great Britain and America, 
and later in the country districts ; since 1905 the frequency has remained 
unchanged. 

Appendicitis is almost entirely a disease of the Western world, and 
particularly of Great Britain and America. In Denmark, Spain and 
Italy it is still uncommon, in the rural districts of Rumania and other 
parts of Eastern Europe it is distinctly rare, and amongst the native 
populations of many parts of Asia and Africa it is almost unknown. 
In general, the disease is one of modern civilized life, although a few 
highly civilized races, e.g., the Japanese, remain free from it. There is 
ample evidence that its incidence does not depend upon any racial, 
climatic or geological factors, but is intimately related to modern 
developments in the diet or mode of life of the Western world. When 
natives of the East adopt the dietary of Great Britain or America 
they become liable to appendicitis, but Europeans living in the East do 
not lose their susceptibility, for they retain their Western customs. 
In the United States of America the coloured people in country 
districts of the south maintain their traditional ways of living, and 
remain free fixtm appendicitis, but those who migrate to the cities or 
northward and adopt the habits of the whites lose this immunity. 

There is evidence that the increased frequency of appendicitis is 
associated with the more general use of a diet rich in proteins. In , 
Great Britain and Ammca the period 1885—1995 was one of gr^tly 
increased prosperity for the industrial dasses, and a correspondir^fly 
greater demand for an a^demal diet nwreover, a close correspondence 

sUrV ' 
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between meat-eating and appendicitis is indicated by the rarity of the 
disease in communities where the diet is principally vegetarian, as in 
the rural districts of Eastern Europe and Asia, and in the poorhouses, 
prisons and asylums of this country. But the consumption of proteins 
cannot be the only factor, for meat-eating was indulged in before 1880 ; 
as Hcndlc Short has pointed out, tlie “ Roast Beef of Old England ” 
has been appreciated for centuries, and, indeed, from contemporary 
accounts, too well ! Consti[)ation might i)c regarded as a predisposing 
factor, but, as Pepys bears witness, also is no modern development. 
Aeeordirjg to Rendle Short, the essential difference between our food 
and that of our forebears lies in the relative paucity of cellulose and in 
the eonsequent diminution in tlie bulk of the excreta ; and it is possible 

that this, in conjunc¬ 
tion with a high protein 
content of the diet, is 
responsible for the 
increased frequeiny of 
appendicitis, the pro¬ 
tein excess permitting 
increased putrefaction in 
the lower bowel, and the 
lack of cellulose leading 
to inspissation of the 
appendicular content. 

Experimentally, 
Wilkie demonstrated 
in cats the important 
relationship of a pro¬ 
tein diet to infections 
in the lower bowel. The 
cat has no appendix, 
but an isolated portion 
of the lower ileum 
may be fashioned to 
represent one. If this 
“ artificial appendix ” 
be obstructed, by ligature of its proximal end, the morbid changes 
that follow depend parity upon the nature of the animal’s diet. If the 
diet has been entirely carbohydrate for a long period, the pathological 
changes develop slowly and the cat may survive several days ; but an 
animal on a meat diet may die within twenty-four hours. 

,^!tiology of Appendkifo. .4part from the question of diet, which 
has already been considered, there are three important factors in the 
artiology of appendicitis, (1) the structure of the appendix, (2) its con¬ 
tents, and (8) its shape. 

(1) Strudwre. Lymphoid tissue abounds in the wall of the appendix, 
where it forms definite follicles in the mucous and submucous coats. 
It appears in quantity shortly after birth, it is most abundant in child¬ 
hood and adolescence, and after the age of thirty it tends, like lymphoid 
tissue elsewhere to atrophy. It probably constitutes a barrier against 



Fio 287. Section of the uppeudix (Ioh (Kiwer). 
allowing a large lymph follicle situated immediately 
deep to the epithelium of the Jiiucous ineiiilaaiie. 

{hahm'aiory of Koyal Cottryf of I’hj/gteiank of Kdinhurgh.) 
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infection, which, as elsewhere, may be overecnne if the bneterial attaek 
is overwhelming. 

(2) Contents. Foreign bodies are very prone to Uxigc in tlie appendix. 
The foreign bodies include a wide variety of objects, animal, vegetable 
or mineral. By far the most common are soft, putty-like concretions 
composed of ftecal matter, bacteria, fats, soaps and lime salts ; such 
concretions arise when the bowel content becomes dry and inspissated, 
and when the appendix, from narrowing of its lumen, from atony <»f if s 
muscular coat, or from other cause, is unable to expel. Less often other 
foreign bodies are found, date stones, seeds of various kinds, pins and 
beads, and even teeth, but their importance has Ix'cn greatly exagg<‘rated. 
Those who cat much game often swallow Miiall lead shot, which may 
lodge in the appendix, but Ihi'y rari'ly preeipitafe an acute attack. 

(3) Shape. The ap})endiv is a narrow cul-de-sac. and is vi'ry 
liable' to become obstructed. From fhe leaching of Wilkie it is now 
clearly recognized tliat one of the most important factors in 
appendicular disease is obstruction of its lumen. The appendix 
develops as a conical, relatively wide-mouthed protrusion from the 
cfccum, and in many animals, such as the rabbit, it remains so through¬ 
out life. Tn man the orifice of the appendix, which is still wide during 
infancy, gradually narrows, and becomes partly occluded by a valve¬ 
like fold of mucous membrane ; it is partly for this reason that appendi¬ 
citis is rare in infancy, but common after the first few years of life, 
when a small lesion may obstruct the narrow lumen. In later life the 
appendix al.rophies and diminishes in size, and consequently appendi¬ 
citis is again more rare. Stenosis of the appendix predisposes txi 
obstruction. Such a stenosis may be congenital, e.g., from fixation 
of the appendix in the retroca eal position, or from kinking by such a 
band as the genito-me.scnterie ligament, which tacks down the mid¬ 
point of the appendix towards the pelvis; or the stenosis may be 
acquired, from inflammatory fibrosis in the appendicular wall, from 
kinking by a shortened meso-appendix, or from inflammatory 
adhesions. 

No one who has carefully examined acutely inflamed appendices can 
have failed to note the regularity with which an obstruction of the 
lumen delimits the inflammatory changes. The obstruction is due 
usually to impaction of a concretion or other foreign body at a place 
where the lumen is narrowed, but occasionally no foreign body is present 
and the obstruction is due either to fibrosis or to inflammatory .swelling. 
The site of obstruction within the lumen of the appendix determines the 
extent of its involvement. 


Acute Appendicitis 

In appendicular disease (as in many others) a cumbersome 
nomenclature is still evident, and few descriptions are. without 
elaborate classifttuitious of catarrhal, suppurative, gangre.nous or 
phlegmonous appendicitis, and appendicitis with perforation, with 
abscess, or wdth peritonitis. With a clearer appreciation of the causes 
of the disease it becomes evident that many of these “ types ” are 
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merely stages of one process, modified, on the one hand, by variations 
in the viruJence of the disease and, on the other hand, by the defensive 
forces of the body ; the particular “ type ” of affection in any individual 
is merely the resultant of these two processes. Appendicular disc^ase 
should be studied as a continuous story rather than in serial form*, ; \ 
The severity of the disease is greatly modified and aggravated by 
obstruction of the appendicular lumen. K the appendix remains 
unobstructed in an inflammatory attack, the disease usually pursues 



Flo. Acute ttppeuiijcular obstruction, due impaction of a concre- 
tion at_ the point at which tlie retrociecal appendix is kinked. The 
appendix dlstai to the obstruction is distended and gangrenous. 

(Department of Surgery, Unlmeiiv of Edinburgh.) 

a mild course; but when the lumen is occluded any pre-existing or 
potential infection is intensified, for inflammatory products remain 
pent up, and gangrene or perforation may rapidly supervene. 

Ajqwndlcitis without Appendicular Obstruction. The organisms 
principally concerned in appendicitis are colon bacilli, streptococci, and 
anaerobic organisms. Generally they are derived from the lumen of 
the large bowel, infecting the appendix via its lymphoid tissue ; it has 
been suggested that some organisms, particularly streptococci, may reach 
the appendix through the blood stream from some distant focus. 

The disease commences in the lymphoid follicles of the mucosa; 
it may xcfhi^ limited to this membrane —catarrhal ^^)pendiciHa--bat 
almost invariably it spreads to involve the othor c<»ts of the wall The 
mucous membrane become thick, cedematous and congested; hsemor- 
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Khagic spots and small erosions appear on its surface, and the whole 
appendix becomes swollen and turgid. With further extension of the 
infection the serous surface becomes covered with fibrinous exudate, 
and local mild peritonitis develops. The disease usually does not 
progress acutely, but occasionally, particularly where a concretion or 
other foreign body causes pressure upon the diseased wall, a perforation 
or a peri*appendicular abscess may occur. At any part of the course, 
moreover, the lumen of the appendix may become occluded by swelling 
of the mucosaand with the onset of an obstructive element graver 
developments take place. If uncomplicated, the distuisc may subside, 
but complete resolution, with return to the sfattis qiw anU;^ is uncommon; 
infection is likely to recur, often with enhanced s(!\'crity, and infiamma- 
, tory scarring may lead to stricture and subse<jucntly to an obstrvetive 
lesion. 

Appendicitis with Appendicular Obstruction. This is a considerably 
more dangerous type of disease, and forms a large jiroportion of the 
cases seen at operation. In its pathology it resembles one form of acute 
intestinal obstruction, for the appendix becomes a closed loop of bowel 
containing septic faecal matter. 

The effects of acute appendicular obstruction depend upon the 
infective nature of the matter in its lumen and also upon the presence 
of much organic faecal matter which may readily putrefy. If infection 
is mild the appendix becomes thickened, and gradually distends with 
mucopurulent fluid to form a mucocele^ one variety of chronic appen¬ 
dicitis (g.w.). If the infection is of greater degree the appendix becomes 
distended with pus —empyema of the appendix —and later may become 
gangrenous and perforate. If the infection is higlfly virulent and the 
appendix contains much faecal matter, gangrene and perforation may 
occur with extreme rapidity, causing widespread peritonitis— fulmi¬ 
nating appendicitis. 

Perforation of the appendix through a gangrenous spot is an important 
event in the progress of the disease, for if the appendix has previously 
been distended the grossly infected contents are forced out and will 
contaminate surrounding tissues. In rapidly progressive cases perfora¬ 
tion may occur within a few hours of the onset of the attack, and may 
lead to widespread peritonitis; or, if the appendix is surrounded by 
adhesions a local abscess may result. 

Changes around the Appendix. These depend upon the intensity 
and virulence of the infection and upon the existence of adhesions that 
may limit the spread of the disease. 

If the infection is rapid and virulent, as when the appendix 
perforates quickly, or when a slowly forming abscess suddenly bursts 
its protective wall, a widespread peritoneal infection ensues. The 
peritonitis commences first around the appendix and over the pelvic 
organs and pelvic coils of ileum; later it spreads into the upper part of 
the abdomen. If resistance iS great, the peritoneal exudate becomes 
thicker, and adhesion of opposed serous surfaces leads to loculation 
of the pus. In these cases intestinal obstruction is a common and 
grave complication. 

Should the infection spread more slowly, it excites a vigorous reaction 
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on the paVt of surrounding tissues, and a dense protective barrier forms 
against further extension of the disease. A lymphy exudate is poured 
out, containing many pus cells but few or no organisms. The serous 
surfaces bccoine ingested and adhere, the great omentum envelops 
the appendix like a thick mantk', aiul neiglibouring coils of intestine 
become immobilized to form a barrier aiound the infective focus. 

At this stage the infection may subside, leaving a large inflammatory 
mass, perhaps the size of an egg, which slowly diminishes. In the 
course of time many of the adhesions resolve, and the appendix may 
become shrivelled and iibrolic; often, however, it is liable U) 
recrudescence of the infection. 

Appendicular abscess. If the disease progresses, though limited by 
the pgfoteetive barrier, there develops a localized appendicular abscess, 
containing thick foul-smelling pus. The abscess may be small, buried 
in a mass of adhesions, or it may attain considerable size, displacing 
the neighbouring intestines as it grows. If untreated it may oj)cn into 
one of the hollow organs, the ea;eum, rectum or bladder, or it may 
eventually reach the skiri surface ; occasionally, however, it bursts 
into the general peritoiK'al cavity and causes widespread, rapidly fatal 
peritonitis. The situation of the abscess depends upon the position of 
the appendix. Most often it is in the right ilia<; fossa just medial to the 
anterior superior spine; not infrequently it is in the pelvis, or behind 
and lateral to the ca*eum; but it may be in the region of the gall 
bladder, in the mid-line below the umbilicus, or even on the left 
side. 

Appendicitis due to Parasites. Threadworms (oxyuris vermicularis) 
are of particular interest as a cause of appendicitis. They arc rarely 
responsible for acute or fulminating inflammations, but are not un¬ 
common, particularly in ehildren, in association with mild recurring 
attacks. The parasites arc usually multiple, and often collected 
together in a small clump (dose to the base of the appendix, which may 
contain a little purplish or prune-coloured fluid. Female parasites are 
more common than male, and are often heavily laden with ova, and 
Still has suggested that they use the append !a as a biceding place. It 
might be supposed that threadworms would predispose to appendicitis 
merely as irritating foreign bodies, but it has been shown that there is 
an actual invasion of the mucosa by the worms, which in serial sections 
of the appendix can be seen lying deep in the wall and even penetrating 
as far as the muscu lar coat. In this way they pi-oduce minute ulcerations 
and haemorrhages which readily predispose to infection. Clinically 
threadworms give rise to recurring mild attacks in which the pre¬ 
dominating feature is the occurrence of colicky pain diffused over the 
abdomen, with little pain or tenderness on pressure over the appendix. 
Occasionally the attacks are febrile, and the temperature may even 
mount to 102—108“ F. 

A round worm (ascaris lumbricoides) may enter the lumen of the 
appendix and lead to appendicular colic or mild appendicitis. The 
worm occupies the’ whole lumen of the apj^dix. ■ If its presence be 
unrecognized, subsequent histological examins®i<m^of the transversely 
section<»l appendix will reveal a remarkable appeaiithce 'as of a double- 
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barrelled tube, each barrel lined by intestinal mticous membrane, the 
outer one formed by the appendix, the inner by the jjut of the parasite. 

Cause of Pain in Acute Appendicitis. The eause of l,hc pain, in acute 
appendicitis forms a subject of great interest in relation to the general 
physiological aspects of abdominal pain. The appendix, like other 
viscera, is but little sensitive to ordinary stimuli, and wlien the abdomen 
is opened under local anaesthesia it may be handled without discomfort, 
yet the pain of acute appendicular disease may be intense. 

One of the first important studies of abdominal pain was made by 
Ross in 1887. He formulated the hypothesis that viseeral disea.se may 
give rise to two varieties of discomfort-, namely, true splanchnic jaiin 
felt in tlie viseus itself, and somatic or referred ])ain felt in the parietes. 

' The existen(!c of splanehnic pain was denied by Ma<’kenzie, wlilb field 
that all abdominal pain is somatic, ».e., referred to the ]airietes. In a 
number of papers which appeared from ]8y2 to 11)00 Mackenzie put 
forward the theory that pain of visceral disease results from a “ viscero¬ 
sensory reflex ” action. Impulses extend from a viseus along its afferent 
autonomic fibres to the spinal cord, and though these impulses are 
themselves unj)ereeived by the brain they give rise to painful sensations 
by “ overflowing ’’ to neighbouring parts of the cord and irritating 
adjacent sensory nerves. According to this view, impulses from tin* 
ajjpendix reach the eleventh or twelfth thoracic segments of the cord 
and ‘‘ overflow ” to sensory nerves at this level, so that they are 
appreciated by the brain as impulses originating in the lower abdominal 
wail. Similarly the hyperie-sthesia associated with some abdominal 
diseases could be regarded as due to over-excitability of the sensory 
nerves of the parietes, and muscular rigidity (;ould be regarded as 
resulting from “ overflow ” stimulation of motor nerves (visceromotor 
reflex). 

Mackenzie’s conception, however, fails to explain many aspects of 
abdominal pain, and there ar<‘ fundamental objections to the whol(‘ 
theory of viscerosensory and visceromotor reflexes. The evidence 
against these views, exemplified in a study of the pain of acute appendi¬ 
citis, has been discussed by Morley. He points out l-hat thcTc can he 
no doubt, as Hurst has shown, that true splanehnic pain does exist. 
Painful stimuli can originate in hollow viscera either from spasm (►r 
increase of tension of the muscle fibres. When the stimuli arise in any 
portion of the mid-gut (which includes the appendix) such pains, 
whether colicky from peristalsis or continuous from distension, have 
two characteristic features; (1) since the visceral nerve supply is Tiot 
strictly localized the pains are ill-defined, and (2) since devclopmentally 
the mid-gut is a median organ, the pains are felt principally near the 
mid-line. 

Kinsella has recently .supported these views as a result of direct 
observations made during the performance of appendicetomy under 
local anaesthesia. He has shown that whereas the appendix, like other 
viscera, is insensitive to localizetl injury, e.g., by crushing with a for<‘cps, 
considerable pain is by squeezing the whole organ lictweeu 

the fingei's. Such |iatn is almost always referr<‘d to the inidlinc in the 
umbilical region. 
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It is a matter of everyday observation that in acute appendicitis 
there are usually two distinct varieties of pain. In early stages of the 
attack the pahi is ill-defined, and principally felt close to the mid-line, 
around the umbilicus or in the epigastrium. It is obvious that this 
initial pain of acute appendicitis has the characteristics of true 
splanchnic pain ; it may be colicky from excessive peristalsis or 
continuous from incrcase<l intra-appendiceal tension. Early colicky 
pain in acute apj^endicitis invariably indicates an obstructive lesion. 

The later variety of pain in apj)endicitis, which usually becomes 
evident a few hours after the onset of an attack, is entirely different in 
situation and character from its foreiunner. It is strictly localized, 
usually in the right lower quadrant of the abdomen ; it is continuous, 
never’* colicky, aiul it is int<;nsified on palpation or by any sudden 
movement. The mechanism of this later pain cannot be attributed to 
a viscerosensory reflex, for the median development of the appendix 
and mid-gut would postulate a bilateral innervation and bilateral pain. 
Moreover, on the reflex theory the innervation would be quite indepen¬ 
dent of the final position of the appendix, which migrates to the right 
side at, a late periofl in development, yet it is a common experience 
that the localized pain of ni)pcndicitis begins directly over the diseased 
. brg$.n, and ^indeed is a reliable guide to its situation. This would 
to indicate that the pain is not dependent upon any reflex 

f EscBto^ttii' but is due to irritation of sensitive structures related to 

emendix. 

*' ’ It» well known that the anterior parietal peritoneum is exquisitely 
sensitive, and in many cases the local pain of appendicitis is due to 
irritation of this membrane. The parietal peritoneum lateral to the 
csecum is also very sensitive, the posterior peritoneum less so. Kinsella 
has shown also tliat the meso-appendix, like the mesentery of the small 
intestine, is extremely sensitive, and such procedures as clamping or 
ligating the meso-appendix are productive of great pain. 

Muscular rigidity, a very constant feature of appendicitis, is to be 
regarded as a protective meclianism of great value, for it immobilizes 
the abdominal wall over the site of infection and thus assists in limiting 
the spread of the disease. According to Mackenzie’s hypothesis, the 
rigidity is due to the radiation of impulses from afferent autonomic 
filaments to the anterior horn cells of the spinal cord—^a visceromotor 
reflex—^but the same considerations hold good that have been referred 
to in connexion with abdominal pain, and there can be no doubt that, 
like pain, the r^idity is due directly to irritation of the parietal 
peritoneum. It is for this reason that the rigidity from a retrocsecal 
appendix is most severe towards the loin, whilst that from an appendix 
overhai^ing the pelvic brim is situated just above the pubis. 

Cutaneous hypercesthesia, a somewW inconstant sign in acute 
appendicitis, can also be attributed only to irritation of the parietal 
peritoneun^.." 

It haS'binm stated that, li^pertesthesla is present in appendicitis only 
when the c^pendix unruptuied, but this does not accord with general 
experie^ue^ Often it appears as though the d^ree of, hypersesthesia 
d^nds upon the jwoxknity of the appendix to the parietes, the most 
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intense hyperaesthesia being associated with appendix that lies 
immediately under the anterior abdominal wall. 

Chronic Appendicular Disease 

Chronic appendicular disease may follow au acute or subacute 
inflammatory attack, in which the infection has subsided and left a 
diseased organ surrounded by inflammatory adhesions, but the term is 
now usually restricted to those cases in which the onset of the disenst- is 
insidious, and its couree not interrupted by exneerbations. 

There can be no doubt that in the jnist the f^apiency of ehronie 
appendicular disease has been greatly exaggerated, but at tlie present 
' time there appears to be a danger that 
surgical opinion will swing to the other 
extreme. 

The difliculty of forming a fair estimate in 
regard to chronic appendicitis is great, for, on 
the one hand, it is common to find at autopsy 
what appears to be a diseased appendix, 
with obvious fibrosis of its walls and oblitera¬ 
tion of its lumen, where there is no history 
of previous abdominal disease; and, on 
the other hand, there can be no question 
that sometimes the symptoms of chronic 
appendicitis and appendicular dyspepsia arc 
permanently relieved by the removal bf an 
appendix presentmg little or no inflammatory 
change. 

The confusion arises in great measure from 
lack of a clear knowledge of the pathology. 

An essential point, often not recognized, is 
that the symptoms and signs are not neces¬ 
sarily due to inflammation in the wall of 
the appendix, but rather to functional dis¬ 
turbances such as may result from a foreign 
body, or from adhesions or kinks; and the Mucocele of 

appendix wall may therefore appear normal appendiv with divert!- 
even on microscopic examination. Hence the eula. to prog^sive 
pathologist, judging an appendix by its his- proJfnLf emT of 

tology, is in a far less favourable position for the appendix by fib- 

a proper apprwiation of its harmful poten- JJ* ^ Tte 

tiality than is the surgeon who exammes it at api^ndix and are sur- 

the time of operation. The most striking rounded by adherent 

example of such a disturbance of function in fibro-fatty tissue, 

a healthy ajiqiendix is seen when lead pellets, 
such as may be swallowed with shot game, 

find their way into the healthy appendix and cause symptoms; and 
there seems little doubt that other non-inflammatory lesions may have 
simfliur effects. 

Thus it beoimies clear that the first hindrance to the jHoper 
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understanding of the disease lies in its title. “ Chronic tJJjpendicitis ” 
signifK'S an old-standing inflanmiation—a reaction of the tissues to 
chroiiie irrilatioii—and this is a relatively infrequent state ; “ chronic 
appendicular disease,” on the other hand, which includes also non¬ 
inflammatory but symptom-pi-otlucing lesions, is comparatively common. 

Morbid Anatomy. The morbid anatomy may conveniently be de¬ 
scribed under four headings :— 

0) True chronic appendicitis. This condition, a simple inflammatory 
change, is commonest in eliildre]i, though it may occur in adults. The 
appendix becomes thick walled, and the mucous membrane is cede- 
inatous and a little congested. The inflammation is most evident in 
relation to the lymphoid tissue of tlu; wall, and the condition may 
therefore be aptly euinparcd tt) clironie tonsillitis. 

(2) Chronic obstructive appendicitis. This may result from previous 
acute disease, or from narrowing of the lumen due to any other cause. 
If the obstriuition remains partial, the fa'cal content becomes inspis¬ 
sated, and the mobility of the ajjpendix is deranged. If the obstruction 
slowly liecomes complete a mucocele may develop. Sometimes the 
mucous membrane herniates through weak places in the muscular coat, 
‘particularly at those points on the mesenteric attachment where the 
ViejSScls enter, and one or more diverticula result, liupturc of a muco- 
f cele or of a diverticulum into the peritoneal cavity may give rise to a 
curious mucoid change known as pseudo-myxoma peritonei, in which 
large masses of jelly-like mucoid material r-olleet in the peritoneal 
cavity. The conditiork is similar to that following rupture of a pseudo¬ 
mucinous cyst of the ovary, and appears to be due to the engrafting of 
niucus-sk'creting cells upon adjacent peritoneal surfaces, but such cells 
can rarely be satisfactorily demonstrated. {See also p. ,544.) 

(8) Fibrosis of the appendix. This is the commonest form of chronic 
appendicular dist'ase. 1'he appendix wall is thickened at the expense 
of the lumen, and, from a lax, collapsible structure, it becomes converted 
into a firm rigid lube. The lumen, normally stellate or X-shaped in 
cross section, becomes rounded, held open by the unyielding fibrous 
walls. 

Thei'e is much difference of opinion regarding both the cause of the 
fibrosis and its ability to give rise to syitkptoms. Undoubtedly fibrosis 
is sometimes due to previous inflammation, but, on the other hand, this 
cannot always be presumed. Iir normal subjects the appendix tends 
to become atrophied after about the age of thirty, and there is little 
doubt that the fibrosis is often simply part of this process. 

The relation of fibrosis of the appendix to s)^nptoms has never been 
satisfactorily proved. It has been suggested that the contracting 
fibrous tissue compresses autononiic ikerve endings or ganglia, and 
degenerative changes in these structures have been described, but the 
evidence is most unconvincing, and it seems probable that fibrous, 
completely shrivelled appendices should be regarded as harmless. On 
the other liand, if the fibrosis leads to kinking of the appendix, or to the 
development of a stricture of Mi lumen, appendicular obstruction may 
supervene and cause symptoms. 

(4) ForHgn bodws in the appendix, A foreign body may be present 
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in a healthy appendix, <ir in one which from some kinking or partial 
obstruction is unable to empty itself completely. 'I’he f(»reign body is 
usually a faecal concretion, but a great variety of other objects have 
occasionally been found, llcferenee has already been made to the 
occurrence of threadworms and occasionally round worms, and in 
children the,former arc not infrequently the cause of mild aj)pendicular 
discomfort. A striking instance of a symptom-producing foreign body, 
to which reference has already been made, is the lead pellet. Occasion¬ 
ally as iniuiy as forty or fifty pellets may collect in the appendix, 
eventually becoming coated with Inspissated faral matter and either 
faceted like gall stones or glueil in a single mass. They gi\'e 
rise to symptoms either in virtue of their weight, or by initiating 
' intermittent appendicular spasms Avilh pain referred lo tlie umbilical 
region. 

Effects of Chronic Appendicular Disease. In the past, innumerable 
symptoms and signs, from melancholia to habitual constipation, have 
been attributed to appendicular disease, and tlu* promiscuity of the 
complaints is largely responsible for the agnosticism in regard to chronic 
appendicitis at the present day. The greatest dilliciilty lies in 
differentiating disturbances of adjacent viscera, the ea'cum, kidney 
and female pelvic organs, and viseeropttisis in particular is resprmslble 
for many of the symptoms that may be attributed to the appendix. 

It appears most rational to classify the effects as local, general and 
reflex. The local effec;ts ai e often not w'ell defined, and are often limited 
to tenderness on firm pressure, sometimes with slightly increased tonus 
of the right rectus muscle. Spontaneous local pain is uncommon, but 
mild colicky pain, generalized over the lower abdomen, may occur if the 
appendix is obstructed or if it contains a foieign body. The general 
effects arc extremely ill defined, for they are due to the absorption of 
toxic products and arc in no way specific. Loss of appetite, headache, 
and a coated tongue are the most striking features, but not infrequently 
the principal complaint is merely loss of energy and strength. The 
reflex effects are of particular interest, for they may mimic other intra¬ 
abdominal disea.ses and thus confuse the diagnosis. As Trotter ija.s 
pointed out, the delicately balanced coordination of intestinal mov(‘- 
ments is very readily upset by any reflex process. Disturbance of this 
mechanism is first manifest in interference with the smooth passage of 
gas along the intestine and in the sensations of flatulence. Later 
defective cwrdination leads to constipation or, less commoidy, to 
looseness of the bowels. The motility and the secretonr activity of the 
stomach also depend upon a delicately adjusted mecnanism, which is 
easily disturbed by appendicular disease. Nausea and bilious vomiting, 
with heartbuni, and acidity make up the clinical syndrome of appen¬ 
dicular dyspepsia, and epigastric discomfort occurs and may closely 
simulate the pain of peptic ulcer or cholecystitis. 

TUMOURS OF THE APPENDIX 

Two distinct types of tumours occur in the appendix, the one— 
adenu-carcinoma—extremely rare, the other—carcinoid tumour—quite 
common. 
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Adeno-cardnoma. Adeno-carciuoma is a rare tumour. It occurs - 
in elderly subjects and resembles adeno-carcinoma in other parts of 
the bowel both in appearance and behaviour. It is composed of 
columnar (;el!s derived from the mucous membrane, arranged in acinar 
formation and supported by a connective tissue stroma. It tends to 
ulcerate at an early age and to infiltrate neiglibouring parts and may 
metastasize to the liver or to more distant sites. 

Carcinoid Tumour. A carcinoid tumour is considerably more 
common and is said to constitute 04% of all appendiceal lesions found 
at operation. It occurs commonly in young persons, especially between 
the ages of twenty and thirty years, and is of j)articular interest in 
several respects, for although locally invasive and possessed of certain 



Fiu. 240. Carcinoid tumour of the appendix. X 110. The tumour is 
composed of spheroidal cells arranged in alveoli. Note tiie close relation 
of the cells to the muscle fibres at the lower part of the section. 

(IteUMratoiy of Hoyal CoUege of Phy$iciant of Edinburgh.) 

of the microscopic features of carcinoma it does not spread beyond the 
appendix and only seldom metastasizes. 

A carcinoid tumour may occur in any part of the appendix, and is 
especially common near the tip. Rarely two or three such tumours 
coexist. The t^our forms a hard, rounded, circumscribed nodule, 
usually small ana rarely exceeding the size of an almond, and it may 
be recognized on naked-eye examination by its characteristic golden 
yellow colour. 

When small the tumour lies in the substance of the appendix waU, 
and the mucous membrane over it is intact. When larger it projects 
under the serous surfa<^ wd it may press upon and thus occlude the 
lumai. Occasionally e ttnsiour at the base of the appendix has deter- 
mked the onset of appi^im^^^stifthfition ahd acute appendicitis, 
hpi some cases when the and i<» lumen ol^iterated 

i^h^is the tumour position. 
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Microscopically a carcinoid tumour is composed of solid masses of 
epithelial cells arranged in alveoli and supported by a stroma of 
connective tissue (see Fig. 240). Most of the cells are of spheroidal shape, 
with a central rounded nucleus and a finely reticulate protoplasm. In 
places the cells are columnar in shape, and arranged in palisade fashion. 
Yet again there are sometimes long, bulbous-headed racket-shaped 
cells, which may be arranged in rosettes. Many of the cells contain 
cholesterol esters and other lipoids, and these are responsible for 
the golden yellow colour characteristic of the tumour. Other cells 
contain fine chromatin granules with a specific affinity for silver stains 
(argentaffin cells). 

The tumour at first lies embedded in the muscle coat, and it spreads 
' between the muscle bundles without destroying them. Often the 
tumour cells appear to be closely related to the nerve fibres of the 
myenteric plexus (Auerbach). 

Origin of the tumour. Formerly the tumour was regarded as either 
a true carcinoma of low-grade malignancy or a basal-cell carcinoma 
derived from the mucous membrane, but these views are now generally 
discarded, and at present the theories most widely held are those of 
Ehrlich and of Masson. Ehrlich was impressed by the close relationship 
of the tumour cells to the nerve fibres of Auerbach’s plexus, arid on 
the basis of this observation and of the microscopical appearance of 
the cells he regarded the tumour as a neurocytoma originating in the 
autonomic nerves. Masson has examined the microscopic characters df 
the cells in great detail, and he has brought evidence to show that they 
are derived from the so-called Kulchitsky cells of the crypts of 
Lieberkuhn. These cells are believed to be of entodernml origin, but 
to be related intimately with the autonomic nervous system, and they 
are characterized by a specific affinity for certain silver stains. On the 
basis of his observations Masson has called the .tumours argentaffin 
tumours, and has classed them correspondingly with tumours of the 
adrenal medulla and of the paraganglia of the autonomic nervous 
system. 
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DISEASES OF THE PERITONEUM 


The jM'ritoneal cavily, with its various recesses and compartments, 
forms a potential spa<5e of vast dimension. The lining membrane is com¬ 
posed of a single layer of flat etidothelial cells supported by delicate 
areolar tissue. It forms a smooth glistening surface, admirably adapted 
to subserve its ])rine,ipal function of facilitating the pliysiologieal 
movements of the gut and viscera. 

The intimate relation of the peritoneum to the alimentary tract and 
pelvic organs renders it p(*culiarly liable to imi)liea.tion in diseases origi¬ 
nating in these parts, hut fortunately, in addition to its physiologicwil role 
as a gliding surfae<‘, the peritoneum has valuable properties for com¬ 
bating even gross infection. Indeed tlu* p«*ritoneum can deal effectively 
with massive doses of organisms which in most other tissues would 
s[>read widely. From tlu* time of the advent of organisms to the gut of 
the new'-born child the ])eritoneum is eontiimally subject to small 
bacterial assaults, and tluis acquires an increasing natural resistane.e. 
Hy contrast the pleura and pericardium, althougli deriv'^ed from the 
same primitive body cavity, are much less resistant to infec'tion. 

Absorption from the Peritoneal Cavity. Owing to its vast surface 
and the specinliz<*d (jharaeter of its epithelium, the peritoneum has an 
immense absorptive })ower. In health this property is mainly protec¬ 
tive, for it ensures that small amounts of deleterious substances are 
rapidly disjwst'd of; but in peritonitis the rapid absorption of toxic 
proiluchs constitutes one of the gravest dangers of the disease. 

It is now establishetl that, the mode of absorption of fluids and 
soluble l.oxins diflers from that of }>articles such as bacteria. When 
fluid is injected into the juTitoneid cavity comparatively little reaches 
the thoracic du(^t, ami the greater part passes directly into the blood 
stream by a simple physical process of dialysation through the endo¬ 
thelial lining membrane. The rate of absorption is extremely rapid, 
a!ul in some respects the peritoneum is a speedier avenue for the 
administration of fluids than the siibeutaneous tissue. 

Absorption takes place equally readily and rapidly from all parts 
of the peritoneal cavity. iAccorclingly the design of the serai-sitting 
(Fowler’s) position, namely, to divert the toxic products to a “ nou; 
absorptive ” region of the peritoneal cavity, can no longer be upheld,' 
It seems probable that jifclie semi-sit,ting positi(jn owes its undoubted 
Value principally to thir greater freixlom of respiratory movement 
nvhieh it allows. It is valuable also in that it facilitates localization of 
exudates.in aeiu'ssible positions such as the pelvis, aiid diminishes the 
risk of subphrenie ab.scess formation. I 

, The routes of removal of particles' such as bacteria may be demon- 
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strated experimentally by the injection of such substances as Indian 
ink or colloidal silver. After injection into any part of the cavity such 
pigment is rapidly collected in two clearly deiined regions, namely, over 
the greater omentum and in the subphrcnic region. Paterson Hr(»wn 
showed that the route of absorption from tiu'se regions vari<‘s in 
different animals. In rabbits the pigment rapidly reaclics the thoracic 
duct, but in' cats and dogs the thoracic duct is liardly affceteil at all, 
and the main route of transference is along the lymph vessels of llu* 
retrosternal region by which it reaches the eev\ ical veins, 'riierc is 
accumulated evidence that in man the routes are similar and that the 
thoracic duct plays little part in jieritoneal drainage. 

Response of the Peritoneum to Infection. When organisms n^ach 
, the peritoneal cavity they evoke a vigorous reaction. Hypencmia is 
excited, fluid rapidly exudes from the peritoneal surfjiees. anti leuco¬ 
cytes and endothelial cells migrate into the cavity, so that the infecting 
agents are first diluted and dispersed and then subjected to jihago- 
cytosis. At first the exudate is turbid and watery, and in some tyj>cs 
of infection remains thin, or is sometimes blood-stained, but usually it 
becomes thick and purulent in the later stages of the disease. 

If infection occurs acutely, the [leritonitis rapidly becomes wide¬ 
spread ; but if the onset is slow the inllarnmatory process soon becomes 
delimited and walled off by fibrinous adhesions. 

The process by which infection becomes circumscribed affords a 
remarkable illustration of nature’s defensive mechanism, for it depends 
partly on local inflammatory changes in the peritoneum, ‘partly ujjon a 
curious attribute of the omentum, and partly upon simultaneous 
immobilization of the viscera and abdominal wall. The [icritoneal 
surfaces around the infected region lose their glossy aiipearance, and 
adjacent coils of intestine adhere to the abdominal wall; the omentum 
is disposed around the focus of disease ; intestinal peristalsis is inhibited 
reflcxly or by toxic paralysis of tlu; muscular coats ; 1 he movements 
of the abdominal wall arc reduced by reflex muscular spasm; and 
thus by this meehan'Mu of immobilization the defensive processes 
are perfected. The most remarkable part of this process is tlic striking 
protective behaviour of the omentum, which has earned for itself tlu' 
title “ the policeman of the abdomen.” No matter where the focus of 
infection lies, whether in the gall-bladder or the uterine tube, the 
omentum, if given time, will become adherent to it and envelop it. 
There is, of course, no purposeful movement on the jiart of the omen¬ 
tum, and the whole process appears to depend on the abdominal 
movements, peristaltic and respiratory, and also on the fact that tlie 
inflamed peritoneum favours cohesion. 

Peritoneal Watersheds. The irregular contour of the posterior 
abdominal wall and the complicated arrangement of the peritoneal 
folds create barriers which limit the diffusion of septic fluids and 
promote the localization of peritoneal infections. 

The peritoneal cavity may be regarded as having two compartments, 
the pelvic portion and the abdomen proper. The latter is naturally sub¬ 
divided into upper and lower compartments by the transverse colon 
and its mesocolon. These two compartmo^xts communicate in front 
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of the omentum. The upper compartment lies above and in front of 
the omentum and mesocolon, and contains three common sources 
of peritoneal inflammation, the stomach, duodenum and gdll-bladder. 
The lower compartment lies below and behind the omentum and com¬ 
municates directly with the pelvis. It contains, in additiop to small 
intestine, the commonest source of infection, the appendix; . 

The lower compartment of the abdominal cavity is di^ded into right 
and left portions by the mesentery of the small intestine, which tends 
to limit the spread of infection from one side to the other. 

In the posterior wall of the abdomen the vertebral bodies form a 
ridge, which, with the root of the mesentery, diverts fluid from the 
midline towards either flank, where it collects in the paravertebral 
recesses. 

During recumbency fluid above the pelvic brim gravitates towards 
the diaphragm, whereas fluid below that level falls directly into the 
pelvis. Hence the u[)right posture ensures gravitation to the pelvis. 

The importance of these tojX)graphical features in limiting and 
directing the spread of effusions is obvious in such acute infections 
as arise in the appendix. Thus should the appendix lie above the level 
of the pelvic brim with the patient recumbent, infected fluid will 
gravitate towards the diaphragm, and pass medial or lateral to the 
ascending colon according to the relation of the appendix to this viscus. 
The semi-sitting position will direct the flow towards the pelvis. Should 
the appendix hang over the pelvic brim an exudate will pass directly 
to the pelvic floor, whatever may be the position of the patient. In 
the early stages, peritonitis of appendiceal origin will affect the right 
flank and the pelvis, while the upper coils of small intestine remain 
unaffected, but later, if the disease spreads, the infective fluids well out 
of the pelvis and are directed by the oblique lie of the mesentery mainly 
to the left side. Hence spreading appendiceal infection may give rise 
to peritoneal involvement in the left iliac fossa and pain in that region. 

ACUTE PERITONITIS 

Peritonitis, like any other inflammation, may be the outcome of 
bacterial or non-bacterial irritation. Non-bacterial peritonitis occurs 
when a sterile foreign substance or an effusion of blood is present in the 
cavity, and occasionally when a cyst ruptures or when sterile bile is 
extravasated i but these are rare occurrences, whereas peritonitis from 
infection is common. Moreover, even the rare non-bacterial type does 
not usually remain aseptic, for the effusion is very liable to secondary 
infection, especially with organisms of mild pathogenic properties, such 
as staphylococcus albus. 

j j(n Uw majority of cases acute peritonitis is due to infection from 
1011 ^ kxcsd fcMus in the abdomen, especially in the alimentary tract, its 
al^p^dages or the pelvic organs, but occasionally it is & ha pnriatngen ous 
bu^tion, as in septicxemic conditions. Rarely, as in gonococcal peri* 
'iNinitis, it seems to feUe^ dizegt from the exterior, by way of 

tile utfcxlne tubes. 

common causes of acute peritonitis include (1) perforation of 
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hollow organs, (2) simple inflammations, and (8) strangulation of bowel. 
jAppendicitis heads the list, and after it come salpingitis, perforations of 
ipeptic ulcers, cholecystitis, volvulus, etc. 

The extent and gravity of acute peritonitis depend upon many 
circumstances, and clinically no two cases arc similar. The virulence 
of the infection varies greatly. In gonococcal salpingitis or in chole¬ 
cystitis it is* almost always mild, in appendicitis it may be mild or 
severe, and in perforative lesions and diseases of the colon it is often 
fulminating. Staphylococci and non-hsemolytic streptococci are often 
relatively innocuous, and coliform bacilli vary greatly, whereas 
hemolytic streptococci and anaerobes are often intensely virulent. 

Bacteriology of Acute Peritonitis. As may be expected from the 
, diversity of origin of the disease the bacterial flora of peritonitis is very 
varied. Bacillus coli is undoubtedly the commonest, but ha:molytic 
streptococci are not infrequent, and non-htcmolytic streptococci, gono¬ 
cocci, pneumococci, staphylococci or anaerobes occur. In rare cases 
acute tuberculous peritonitis has been observed. Sometimes there is a 
mixed infection, especially of coliform bacilli and streptococci. This is 
demonstrable in direct films made from the peritoneal exudate, but is 
apt to be missed on culture, for the more delicate streptococci are liable 
to be outgrown by coliform bacilli. 

Acute Localized Peritonitis. Unless infection of the peritoneum 
be very acute it remains localized, and soon becomes circumscribed 
by adhesion of intestinal loops to the parietes. This often ends in 
resolution, and the inflammatory products are absorbed, but if the 
infection is more severe a local abscess may form, either in the neighbour¬ 
hood of the original infection, e.g., around the appendix, or at some 
more distant site, such as the pelvic cavity or the subphrenic space. A 
pelvic abscess may follow appendicitis, salpingitis or other inflammation. 
The abscess may remain small and eventually undergo resolution, or it 
may enlarge and perforate into the rectum or other hollow viscus, or 
even point externally. If unrelieved, the abscess may burst into the 
general peritoneal cavity. 

Acute Diffuse Peritonitis. “ Generalized ” peritonitis is rare, 
because death usually occurs before this stage is reached. It is more 
accurate, therefore, to use the term “ diffuse peritonitis,” which indicates 
a non-circumscribed, and spreading, but not universal, inflammation. 

The pathology of peritonitis is essentially the same as inflam¬ 
mation in any other tissue, but its progress is greatly modified 
and aggravated by two factors peculiar to the situation, namely (1) the 
vast extent of the absorptive area, which leads to rapid dispersion of 
toxins, and (2) secondary intestinal paralysis, which brings the danger 
of obstruction. 

The inflamed peritoneal surfaces become injected, engorged and of 
deep red colour, and the natural lustre is replaced by a dull, matt, 
velvety appearance. The intestine is dilated and paralysed, and 
adjacent loops adhere. Often there are masses of thick yellow lymph 
on the surfaces and in the fluid. 

The exudate varies with the type of infinfliion and with its sti^e. In 
R. GoU peritonitis the exudate is usuaUy purulent, yellow or yeliowish- 
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white, and with a characteristic fetor; in streptococcal infections it is 
often thin, turbid, or sanguineous; in mixed infections, especially 
when derived from the colon, it may have a stercoracebus appearance 
and smell, and gas may be present. After perforation of a gastric or of a 
duodenal ulcer the exudate may be mixed with gastric contents or bile ; 
and in strangulation it may be deeply stained with blood. 

Wilkie has shown that the microscopic appearapdo of* a diffuse 
exudate, in addition to demonstrating the tjme jc^orgapisms, may 
afford a valuable indication of the progress of tne infection and conse¬ 
quently of the pros])cets of recovery. At an earty stage the fluid 
naturally contains many organisms as well as pus cells, but aft(!r the 
peritonitis has progress(‘d for sev»‘ral hours the altered appearances 
suggest its extent and the degree of reaction. In a virulent infection 
the fluid still contains many free organisms, and the pus cells show 
signs of degeneration. If the resistance is good, however, most of the 
organisms will hav«; undergone phagocytosis. In later stages of a 
resolving peritonitis the striking feature is the presence of many large 
mononuclear or endothelial cells, which appear to act as scavengers both 
of bacteria and of damaged polymorphs. 

The stage of resolution of peritonitis affords evidence of the remarkable 
properties of the endothelial lining membrane of the peritoneum. Fluid 
exudate is rapidly absorbed, and even large masses of fibrinous exudate 
quickly disappear. In most (tases adhesions are absorbed and in a few 
months there may be little sign that there has been peritonitis. [In 
other cases, however, such complete resolution does not take place, and 
widespread adhesions or long fibrous bands remain, often to cause 
later trouble from intestinal obstruction. There seems to be an indivi¬ 
dual idiosyncrasy towards the formation of adhesions. 

Cause of Death in Peritonitis. The cause of death in peritonitis is 
not fully understood. Scpticiemia rarely plays a part, but it is not 
certain whether the profound toxamiia that is so characteristic a feature 
is due wholly to absorption of toxins from the peritoneal cavity or to 
secondary intestinal obstruction {see also p. 490). The question is of 
great importance from the therapeutic point of view, for the treatment 
of peritonitis necessitates rest, whereas the treatment of partial intes¬ 
tinal obstruction demands maintenance of peristalsis. 

Bonney and Sampson Handley supported the view that intestinal 
obstruction is an imixirtant factor. It is supposed that in diffuse 
peritonitis the whole intestine is paralysed—paralytic ileus—but 
Handley believes that this is unlikely and that only those parts of the 
gut lying in the pelvis are, in the first instance, involved. He pointed 
out that at the time of death peritonitis rarely reaches the level of the 
umbilicus and that the jejunum is comparatively unaffected ; whereas 
the ileum, which lies bathed in pus in the pelvis, is completely flaccid. 
According to this view, there is often a double obstruction—ileus duplex— 
namely, in the ileum and in the pelvic colon ; and the ration^ treatment 
consists in diverting Hie jejunal contents into the colon, and in draining 
the large gut at the eweum. 

Experience has not confi.rmed these views. In diffuse peritonitis 
there is, undoubtedly, a toxjc paralysis of the intestinal muscle, but it 
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seems probable that its effect is mainly protective, in that it inhibits 
intestinal movements and circumscribes the infection. It seems pro¬ 
bable that the essential factor in death from peritonitis is the absorption 
of poisonous products from the infective area, and that the obstruc‘tu-»n 
factor is of somewhat secondary itnportanee. 

Paralytic ileus must be clearly distinguished from another quite 
distinct complication of peritonitis, namely, a ineehauieal obstruction 
due to plastic adhesions Ix'twcen intestinal coils. Such adhesions are 
often formed at a stage when the tox:einia of iMTitonilis has been 
overcome, and thus the patient after rect)vt‘ring from peritonitis may 
be a victim of obstruction. 

GONOCOCCAL PERITONITIS 

This disease is limited to females. It usually arises within a short 
time of the primary infeetion, atul is secondary to disease of the Fallo¬ 
pian tubes. In most eases, uo doubt, the organisms gain aeex'ss to the 
peritoneal cavity by way of the abdominal ostium ; in other <‘ases 
where tliis orifice is closed by adhesions or fibrosis it is jiresumed that 
infection has leaked through the diseased wall of the tube. Though 
commonest in adult women, gonococcal peritonitis may affect young 
girls, following vulvo-vaginitis. 

In most cases the infection is limited to the pelvis, and is most 
intense around tin; tubes and ovaries, but occasionally it extends 
beyond these confines and becomes more or less diffuse. At first there 
is often an acute phase, but tlic infection is never virulent, and in the 
course of a few days it tends to subside spontaneously, but it nearly 
always leaves behind a low-grade inflammatory process,‘which may 
persist for a long period or never completely resolve. In the early 
stages there is an effusion of fluid, at first thin and serous, later purulent, 
and the surfaces of tlie pelvic peritoneum arc congested and covered 
with fibrinous deposits. The demonstration of gonococci in the fluid is 
always difficult, and by ordinary cultural methods tlie fluid usually 
proves sterile. In some cases there is a mixed infection, and the presence 
of gonococci is masked by other organisms, of which the most frequent 
is a streptococcus. 

In the later stages of gonococcal peritonitis the most striking 
pathological feature is the presence of numerous adhesions, and this 
is the principal factor in prolonging the clinical manifestations of the 
disease, f Thick bands or more delicate “ cobweb ” adhesions bind the 
tubes and[ ovaries to adjacent surfaces, and often form a tough matted 
mass in which may be involved the appendix, the pelvic r:olon, and the 
dependent coils of the ileum. The disease is usually bilateral, though 
often more severe on one side than the other.' 

PNEUMOCOCCAL PERITONITIS 

This form of peritonitis occurs principally in children. Two 
varieties are recognized acco^ing as the disease appears to arise 
primarily or is secondary to pneumococcal affection elsewhere. 

Pr imar y PneumocQCcal Peritonitis. This is almost restricted to 
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children. The disease occurs with greatest frequency between 

ages of three and seven years. It has been suggested that ,^e 
jUifection reaches the peritoneum from the genital tract. PneumooM^al 
pnitonitis is rare in well-cared-for children, but is apt to attadk tb^|ia|' 
living in squalid surroundings, in whom the vulva aiid vagipa 
become contaminated with dirt and infective material. ’In smei^ taken}' 
from the vagina of neglected children pneumococci may be«fdemDn<\ 
strated, and in many cases of pneumococcal peritonitis the oicgamsm 
may be cultivated from the vaginal secretion, which, in a few cases, 
|g purulent. The fact that the organism from the vagina is 6f the same 
ty^ as that in the peritoneum has suggested that ^ infection is an 
a^nding one. ^ After the ag^of seven or eight years the vagina 
secretion becomes acid and pre^raably inhibits infection^ 

Mpm recent work, however, suggests that pneumococcal peritonitis 
is usually the result of infection by blood-borne organisms. In some 
cases the peritoneal infection is merely part of a pneumococcal 
Sj^lltjLi^mia; in other cases the peritonitis assumes the r6le of a 1 
^Xl^n abscess and may therefore be regarded as a beneficent reaction. > 

' In the early stages of pneumococcal peritonitis there is an oily or 
' syhfcy exudate in the pelvis, and the peritoneum is very congested. 

the exudate becomes watery or slightly blood-stained, and 
'^entually purulent, and there may be flakes of fibrinous lymph, 
Wl^ch adhere to the peritoneum or to the intestine. /‘The fimbrue of 
the uterine tubes show a fiery hypereemia, and pus, containing pneu- 
tnococci, can be expressed from their lumen. The interior of the tubes 
presents the signs of catarrhal inflammation. In some, especially in 
older children, the process is more chronic, and the infection becomes 
localized by adhesion of the intestines and the omentum, so that a large 
pelvic abscess results. The process may be sufficiently chronic to 
create confusion with ^berculous peritonitis or sufficiently acute to 
simulate acute appendicitis. The abscess may rupture at the umbilicus 
or into the bladder or rectum. 

As primary pneumococcal peritonitis begins in the pelvis, irritation 
of the pelvic viscera, especially the colon and bladder, is the outstanding 
sign of the disease, and therefore the child suffers from frequent or 
painful micturition as well as from tenesmus and diarrhoea with much 
mucus or even blood in the stools. After peritonitis has persisted for a 
time the systemic effects of the pneumococcal infection become manifest, 
and the pulse-rate and respiration become rapid and toxsemia is severe. 
There is usually a considerable leucocytosis, and in blood cultures the 
pneumococcus can often be found. In the later stages the systonic 
illness may completely overshadow the peritonitis. In young ^ildren 
the disease runs a rapid course and generally ends fatally; but in older 
(^ildren recovery may occur. 

\ Secmidpirj^ Pneumococcal Peritonitis. This occura as a complication 
of lesion, such as pneiunphia or em pyem a or, 

ocottihnajl^i't c^is ^dia. Either sex nwy be affected, and though the 
diaease ia> oommrainr in,, children it may ‘occur in adutts. Infection 
reaches the'peritoneum by the blogdlB^XilA and at the same time^^ere 
may 1^ other secondary pnetunocsobad manifbstations, such as peri* 
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c^itis and meningitis.. Any part of the peritoneal cavity may be 
inv^ed. Sometimes the peritonitis is very locali^df, in others it is 
widely diffused. The exudate may be serous or purulent. If recovery 
occurs a localized abscess may form. 

Similar to s^ondary pneumococcal peritonitis is the streptococcal 
p^ton|^ that is sometimes seen in childhood. The organism is usually 
of a hsemolytie variety, and its source may be the nasopharynx or the 
lower i^piratory tract. A few cases have been traced to the genital 
tract in females. The sexes are affected about equally. ^ 

STREPTOCOCCAL PERITONITIS 

The streptococci in peritonitis are <firequently haemolytic organisms 
of great virulence, and streptococcal peritonitis is consequently a grave 
infection. 

It may arise in the course of scarlet fever, but is most conunon as 
a complication of puerperal endometritis. From the uterus the 
^ organisms gain access to the peritoneum along the uterine tubes, or 
directly through the uterine wall, or by way of infecteefthrombi In the 
large uterine veins. The disease may remain localized to the {ielvis, 
but often spreads difhisely over the greater part of the abdomen. The 
fluid exudate is thin, watery and often sanguineous, and it contaln^i 
few pus cells but immense numbers of organisms. A striking feature Is 
the great dilatation of the gut, and the laxity of the abdominal wall 
' after childbirth allows the distension to proceed to an extreme degiree, 
so that the abdominal enlargement even exceeds that of pregnancy. 

Post'operative peritonitis also is often due to streptococci, though 
coliform bacilli may be pre.sent as well. The condition may arise from 
soiling of the peritoneum at operation or from some subsequent cause, 
for example, from leakage at an anastomosis, but in some cases the 
source is not discoverable. In such circumstances a hsematogenous 
infection from distant septic foci may be incriminated, but there is 
good reason to suppose that most frequently there has been con* 
taminatioD at the time of operation, from faulty technique. 

Post'operative peritonitis is ^markable in that many of the usual 
signs of peritonitis are absent. > There may be no pain, no abdominal 
rigidity and no rise of temperature, but on ly"" gradually increasing 
distension and a rising pulse rate. 

TUBERCULOUS PERITONITIS 

Tuberculous peritonitis may affect persons of either sex and at any 
age, but it is . commonest in childhood and early adult life. In the 
majority of cases infection is derived by direct extension from some 
primaiy focus within the abdomen, such as a tuberculous ulcer of the 
small intestine, mesenteric lymph glands, or a tuberculous uterine tube. 
Sometimes infection is blood-l^me from foci dteevdiere dr there may 
be active tuberculosis in tBe'tUng and pleura or elsewhere. 

Acute Tubemdous Perltbiiitis. Acute tuberculous peritonitis may 
occur alone or as part of W miliary infectioii. The p©ri^ 

toneum iBecomes covei^ iy au nSifebu g ininute greyish tuben'd^ and 



540 


DISEASES or THE PERITONEUM 


& fluid fxudat<' usually <»/’ a serous character accumulates. L Since 
the spleen is enlarged and a lynijjhocytosis is present the condition is 
liable to be mistaken for typhoid fever, especially as the constitutional 
disturbances nre very similar. 

' a suppurative type of tuberculous peritonitis occurs, but is distinctly 
^e... It is seen chiefly in young girls and is usually secondary to disease 
of the uterine tubes. The peritoneum becomes thickened and cedema- 
tous, and covered with jelly-like exudiite. Tubercles are scattered over 
the surfaces, but are often obscured by the thick exudate. The effusion, 
which may lill the whole abdominal cavity or be restricted to one jiurl 
of it, is thick, grumoiis and often of a greenish colour. The disease runs 
a rapid course, with pronouncei:! etnaciation and a hectic temperature. 
If untreated the abscess may come to the surface, usually at the 
umbilicus, and a fteeal fistula may result. 

Chronic Tuberculous Peritonitis. This is considerably more common 
than the acute form, and is usually due to spread of infection from the 
small intestine, from a caseous mesenteric lymph gland, or from the 
uterine tube. Three distinct clinical types may be recognized : (1) the 
ascitlg Ja^pe, (2) the dry or adhesive type, and (3) the encysted type. 

The ascitic type usually affects children or young adults, but 
occasionally occurs in later life. The tubercle bacilli, disseminated 
through the j)eritoneal cavity from a primary focus, are implanted 
on the peritoneal surfaces, and innumerable yellowish-grey tubercles 
develop, varying in size from that of millet seeds to peas or even larger. 
They may be confluent and give rise to a considerable mass. 

A fluid exudate gathers in the peritotxcal cavity, and may eventually 
collect in such large amount that the abdomen becomes distended, the 
skin stretched and shiny, and the supcrlicial veins dilated. Such a 
prominent abdomen contrasts strangely with the emaciated thorax and 
extremities. In boys a patent processus vaginalis may become filled 
with tlie fluid, and its peritoneal lining the scat of tubercles. The fluid 
is serous in eharactei’, usiuilly clear and straw coloured, but sometimes 
turbid or even blood-stained. Microscopically it is found to contain 
lymphocytes in excess. Bacilli can rarely be dcanonstrated, even after 
centrifugalization, but their presinec can be provetl by guinea-pig 
inoculation. 

(2) The dry ty[)e is characterized by formation of extensive 
adhesions, which bind together adjacent viscera, especially coils of 
ileum. Tliis form is iisually limited to one part of the abdomen, and 
is especially marked around the primary focus of infection, for example, 
a caseous mesenteric gland. Intestine coils adhere and these, together 
with the thickened mesentery and omentum, may sometimes be felt 
as an irregular doughy swelling. Caseation within the mass is conunon. 
Sometimes the omentum is infiltrated with tubercles and bec-omes 
bunched up into a firm cylindrical mass, which may be felt lying across 
the upper abdomen. Often the parietal peritoneum is greatly thickened 
and oedematous, and in some cases so extensive are the adhesions of 
the viscera to the abdominal wall that exploration is inipossible. Fist ulae 
are common in this form of dkiease, either between various portions of 
the intestinal tract or to the e^erior. Another complication of some 
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frequency is intestinal obstruction which, however, seldom euhninules 
acutely. s^Even if the condition resolves Ihcrc* will still remain a jjrH\’c 
risk of obstruction or even strangulation from adhesions. 

(B) The encysted form is rare. It may be ivgarded as a combination 
of the [other two types, for there is a local izc'd collection of fluid in a 
region ISiiun^^ by fibrous adhesions. Tin* fluid collection is often 
situated’ih the pelvis, and in women it is liable to Imj mistaken for an 
ovarian cysf. Since the fluid i;^walled off by adhesions of intestinal 
coils the swelling may be tympanitic on percussion. A{)art from the 
localized collection the remainder of the peritoneal cavity may be free 
from disease. 

BILIARY PERITONITIS 

Intraperitoncal extravasation of bile may follow injury to the 
biliary tract, it may result from perforation of the gall-bladder in 
acute cholecystitis, or it may occur without demonstrable cause. Its 
effects tlcpcnd principally upon the prcsciict' or absence of infection, 
for in man, unlike certain laboratory animals, a sterile effusion of bile 
leads to remarkably little disftjrbancc', probably because human bile 
contains comparatively little of the toxic bile salt, sodium tuuracholate. 

(1) Biliary extravasation due t(* trauma is generally a secpicl to a 
severe crush injury rupturing the bile ducts close to the porta hepatis. 
Bile accumulates in the peritoneal <*nvity, sometimes painlessly, and 
reabsorption of its pigment leads to jaundice. In some cases a remark¬ 
ably large amount of bile ese.apes. In the case rciwidcd by Barlow iit 
1844, 32 quarts of pure bile were evacuated by para(x*nlesis during three 
jnonths, with ultimate survival. 

(2) Biliary extravasation due to cholecystitis occurs mainly in 
fulminating infectiotjs in elderly persons. The perforation may be a 
large one, or so small as to be barely visible, as in Leriehe’s ease, in 
which the bile filtered through an apparently intact gall-bladder wall, 
“ a veritable biliary dew.” The Iluid is highly infcctiv^e and leads to 
diffuse peritonitis, vdiich in nearly 50% of eases proves fatal. 

(8) Biliary extravasation without obvious cause, the so-called 
“ perforationless biliary peritonitis,” has only reecnt-Iy been recognized. 
The extravasation occurs suddenly, with symiifoms suggesting a 
gastric or duodenal perforation. There is free bile in the peritoneal 
cavity, and the extraperitoneal tissues round the common bile duct are 
discoloured or almost necrotic, but there is no evident ijorforation 
and neither the site nor the cause of the leakage is apparent. It seems 
likely that in most cases there has been a minute perforation of the 
common duct which has healed spontaneously. The perforation has 
been attributed to rupture of a glandular crypt in the duct wall, to 
ulcerative cholangitis, or even to erosion of the mucosa of the duct by 
reflux of pancreatic juice from the biliary ampulla. 

SUBPHRENIC ABSCESS 

Subphrenie absci'ss is a sequel of infection elsewhere in tfie afxlomen. 
The toxK-mia to which it gives rise and the inaccessibility of tlu* infective 
process account for the anxiety with which it is regarded. 
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In the majority of cases subphrenic abscess follows an intra- 
abdominal suppurative lesion, and of these fully 50% are attributable 
to gastric or duodenal affections and to appendicitis, the remainder to 
diseases of the liver and bile passages, or of the intestines, kidneys gc 
pelvic organs. Occasionally a subphrenic abscess follows infection 
above the diaphragm, such as empyema, but it is remarkable that 
transdiaphragmatic spread is much less common from thorax to 
abdomen than in the reverse direction. Rarely a subphrenic abscess 
follows hicmatogcnous infection from a distant source. 

Anatomically, the subphrenic region is divided into six potential 
spaces by the cruciform arrangement of the peritoneal ligaments of the 
liver, and Barnard has emphasized that infections are often limited to 
one of them, and that the particular space infected depends upon the 
site of the original disease and the avenue of infection. Of the six 
potential spaces there are three on each side of the mesial plane, two 
intra- and one extra-peritoneal. 

The right anterior intraperitoneal space is the upward prolongation 
of the main peritoneal cavity in front of the liver, and it occupies a 
position under the right vault of the diaphragm. The right posterior 
intraperitoneal space is subhepatic rather than subphrenic, and is 
usually described as the subhepatic or right kidney pouch. The right 
extraperitoneal space corresponds to the “ bare area ” of the liver, 
between tijc'l^ers of tlie coronary ligament. 

On the left side the anterior intraperitoneal space occupies the left 
vault of the diaphragm, in front of and above the stomach ; the posterior 
intraperitoneal space is merely the upper part of the omental bursa, 
and the extraperitoneal space does not exist in health, but appears 
where pus, collecting around the upper extremity of the left kidney, 
separates the peritoneum from the diaphragm. 

The avenue by which infection reaches one of these spaces varies 
in different cases. From a perforated duodenal ulcer infected fluid is 
diverted to the right of the mesial plane by the projection formed 
by the vertebral column, and under the influence of gravity and the 
aspiration action of the diaphragm, the fluid usually reaches the sub¬ 
hepatic or right kidney pouch (right posterior intraperitoneal space). 
A gastric ulcer on the anterior aspect of the smaller curvature readify 
infects the left anterior compartment, and one on the posterior aspect 
leaks directly into the omental bursa (left posterior intraperitoneal 
space). Appendicitis usually leads to abscess formation m one of the 
compartments on the right side ; the intraperitemeal spaces are liable 
to be involved as a result of a fairly diffuse peritonitis, and the extra¬ 
peritoneal space may be infected by cellulitis spreading along the retro- 
osecal connective tissues. 

It is imporbmt to recognize that a subphrenic abscess is not always 
a single large cavity, and that there may be several pockets com- 
ihunicating by narrow channels or separate by soft adhesions. The 
p^$ is thi^, md often contains necrotic areolar tissue. Gas may be 
present, eitiiet firon^. the gas-producing org^isms or as a 

resnlt ol leakage frcNdk a fa«diO#/lv|icus su^ as the stomach. When the 
absoet^.^ situated towards tiie ftoat it may displace the liver downwards 
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and approach the skin surface below the costal margin, but often 
the liver is extensively fixed by adhesions, and the abscess then 
elevates the diaphragm. Elevation and fixation of the diaphragm 
indeed constitute a significant radiologif’al evidence of subphrenic 
abscess. 

The infecting organism is most commonly B, coli, often mixed with 
streptococci. Not infrequently anaerobes are present. 

A subphrenic abscess may undergo resolution or become chronic, but 
much more often it progresses, and if unrelieved proves fatal. In rare 
cases it may rupture spontaneously into the Jung, pericardium or 
stomach, or even at the skin surface. Frequently the (‘onditum is 
complicated by basal pleurisy and reactionary (dtusiem. Adhesions 
bind the elevated diaphragm to the parietes and obliterate the costo- 
phrenic sinus, an effusion collects in the pleural cavity, clear or pui’ulent, 
but in either case often sterile. 

TUMOURS OF THE PERITONEUM 

Primary tumours of the peritoneum are extremely rare, and indeed 
it is doubtful if they exist. Many supposed peritoneal tumours have 
been described, but in most cases there has been no conclusive proof 
of their peritoneal origin, and it is suspected that many alleged examples 
are either secondary growths or tumours arising from the extra- 
peritoneal tissues. 

Secondary tumours, on the other hand, are common. In the great 
majority they are metastatic deposits fi:om primary growths within 
the abdomen, most often in the stomach, ovaries or large intestine. 
In other cases they are derived from more distant sources, for example, 
the breast. 

Dissemination of free tumour cells through the cavity of the peri¬ 
toneum may take place at any time after the growth has reached tlie 
serous surface. Once set free tiunour cells may be implanted in any 
part of the cavity and there proliferate. Generally the cells gravitate 
towards the pelvis and form multiple nodules over the pelvic floor, 
and sometimes one may even grow to such a size as to be palpable 
per rectum; such a mass in the pelvis may simulate a primary tumour 
growing from the colon or pelvic organs, especially if the actual 
primary lesion is relatively symptomless. Often the malignant cells 
become implanted on the surface of one or both ovaries, and there 
set up secondary growths, which may attain considerable size. The 
so-called Krukenberg tumour arises in this fashion. It is a secondary 
carcinoma derived from a primary growth in the stomach, colon or 
other organ, and its special feature is the presence of globules of clear 
mucoid material within the cells with displacement of the nucleus 
creating a ** signet-ring ” appeantnee. The delayed appearance of 
gastric or intestinal symptoms renders such tumours very liable to be 
mistaken for primary growths of the ovary. 

In other cases tumour cells floating freely in the peritoneal cavity 
are caught in the great omentuin ami proliferate to form a bulky sausage¬ 
shaped or apron-like mass readily pa^ble through the abdominal 
waU. 
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One of the most outstanding features of secondary peritoneal 
involvement is a fluid exudate. “A small amount of free fluid may be 
present before any definite nbdules are visible or palpable, and when 
found at exploratory operation is very suggestive lu the later stages 
the exudate iucrc'ases and causes great abdominal distension. The 
fluid at first iriay b(! clear, but is usually blood-stained, and on micro¬ 
scopical examination tiimour c(*lls may sometimes be found. 

Tumoum of the great omrnlum are almost always secondary to 
growths in other parts of the abdomen, most often in the stomach, 
colon^ ovary or gall-bladder. Primary sarcoma of the great omcntinri 
has be<‘n described but is extremely rare. 

PSEUDOMYXOMA PERITONEI 

This remarkable condition is characterized by itiasscs of gelatinous 
or mucoid material in t he peritoneal cavity, either loc^alizedto a partic\ilar 
region or mor<“ widely (liiluscd. It occurs as a c-omplieation of two 
entirely diirercnt pathological lesions, which suf)erlieiully a])]>ear to 
possess little in common, namely, cystic tumours of the ovary and 
mucocele of the appendix. 

(1) Secondary to Ovarian Tumours. In most eases the primary 
lesion is Jl' psdydoinucinous eystadenorna, and the peritoneal involve¬ 
ment is usually, attributed to the rupture of one of the cysts, with 
escape of its,©ontents. Pseudomyxoma p(Titonei may, however, be 
present where' there is no evidence that a cyst has rupture'd, and, 
perhaps more surprising still, it jmictieally never follows accidental 
rupture of u cyst during ojxTation. 

The peritoneal cavity becomes filled with immense quantities of 
yellowish jelly-like material, which may be scooped out in handfuls. 
In som(‘ eases it is distributed diffusely in homogeneous layers and 
insinuates itself into all rei'csses of the cavity, even to the subphrenie 
space ; in ot hers it is eireuinsi’ribed into large globular masses which 
lie between intestinal coils or in the pelvis. 

It is now acknowledged that the jelly is not colloid or even mucoid, 
is almost always composed of pseudomucin, though occasionally 
true mucin has been present. Its modi* of formation is not understood. 
It has been regJirded as a {)rodu<;t of the lining cells of tW peritoneal 
cavity, a response to the irritation of the Ihiid exuded from the i»rimary 
tumour, but it is dilTienlt to ai'cept this explanation because no com¬ 
parable reaction on the part of the |>eritoiicum lias been witnessed in 
other diseases. The generally aceejitable view is that the pseudomucin 
is elaliorated by the cells of the primary tumour, although such cells 
are usually scanty and diflicult to ilemonstrate. 

Wlitttever its ca*igin, the exudate causes a form of low-grade 
inflammatory cliange in the peritoneiu^. Fibrin forms and surrounds 
the jelly material with a delicate capsule, which later is fibrotic. Fine 
strands of fibrous tissue also traverrife the jelly and fix it to the peri¬ 
toneum, so tliat at operation the'masses are separated with some 
difficulty, leaving behin^ stringy, #isci4 tags. The general |jeritoneal 
memiu^e may also show reaction^y changes. 
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(2) Secondary to Disease of the Appendix A number of cases have 
been described in which a form of pseudomy*bma peritonei has followed 
appendiceal disease. In some, a mucoid “eareinoma of tiic appendix 
has probably been responsible. In oth.er5, there has been a nnuH)fel(‘ of 
the appendix or a divcrtieulum, which has ruptured, disscniinating its 
contents. It is not known whether the gelatinous material is tiie result 
of peritoneat irritation, or whether it is the product of inueus-sccreting 
epithelial cells that have been set free from the aj^pendix. There is a 
further possibility, namely, that the ruptured mueoeele rennains in free 
communication with the peritoneal cavity, and thus <'ontimionsly 
discharges its secretion. 

The effects are very similar to those describetl in ielation to ovarian 
cysts, but they are more frequently localized to the immediate neigh¬ 
bourhood of the appendix, and only rarely become witlesprcad. The 
appendix is buried in a gelatinous mass the sizti of a small orange, or 
even larger, and the neighbouring peritoneal surfaces show reactionary 
changes with fibrosis. 

TORSION OF THE OMENTUM 

Abnormal fixation of the great omentum, us within a hernial sac 
or from adhesion to a viscus, may jjrovide an obvious axis for rotation. 
There are cases, however, in which torsion may aflect a seemingly 
healthy omentum. It has occurred most often in adults over thirty- 
years who have recently become obese, but the underlying cause (as 
applies to torsion of organs in general) remains obscure, although veiious 
engorgement followed by elastic recoil of arteries is a current explana¬ 
tion of its origin. The twist is always clockwise and may be a single 
rotation or as many as eight. The obvious effect is strangulation, and 
it is therefore not surprising that the omentum forms a palpable swelling 
and that a blood-stained effusion develops within the abdomen. The 
condition is important in that it may simulate appendicitis or chole¬ 
cystitis. 

TUBERCULOSIS OF THE MESENTERIC LYMPH GLANDS 

The lymph glands in the abdomen, especially those draining the 
lower part of the ileum and the first part of the colon, are very commonly 
the seat of tuberculous infection. Indeed, in Scotland, this is one of the 
common primary sites of tuberculosis, especially in childhood. General 
experience suggests that this is not true in other parts of the world. 
Tuberculosis of the lymph glands in its active form is usually met with 
in children or young adults and may be responsible for j)rolonged ill- 
health and intestinal disturbances. Later, calcification is evidence that 
at an earlier date the glands haveij^een the site of caseation. 

The glands are infected by way^f the intestine, and probably milk 
is the common vehicle by which the^bercle bacillus is conveyed to the 
body, but in most cases of tuberculo^ adenitis the intestinal lesion is 
not obvious. Sometimes only ope ^^d is di^ased, but more often 
several are involved. At first the are disdBete and firm, and only 
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a few points of caseation are found in each. Later groups of glands are 
affected, and an irregular confluent mass results which may be palpable. 
Such a mass is situated most often in the ileoejecal region, but similar 
luas'ses may 1 m- f)rcsenl at higher l<-vels in the mesentery. Sometimes 
the tuberculous lymph glands soften and form abscesses. Rarely such 
an abscess ruptures into the. j)eritoncaI (javity and may give rise to 
generalized (thougl|i not necessarily fatal) peritonitis. 

Tuberculous mesenteric glantls t(‘nd to heal by fibrosis, and if they 
are caseous, calcification is the usual result. Localized fibrosis of tiie 
mesentery may result in contraction with angulation of the intestine. 
Adhesion of a loop of intestine to the surface of a tuberculous gland is 
of fairly frequent occurrence, and may cause kinking by obstruction. 
In a few instances a juass of tuberculous glands situated at the root of 
the mesentery of the small intestine has by pressure led to duodenal 
ileus. Cases have be<‘n observed in which tlie prolonged irritation from 
calcified glands in the f>elvie mesocolon has resulted in megacolon. 

In radiographic investigation of lesions outside the intestine, the 
sluadows of calcified tid)crculous lymph glands may create confusion. 
When the shadows are ijv the region of the kidney or in the line of the 
U3f«?ter they may simulate calculi in these organs. The shadows of 
calcified glands are often multiple, but in density are not so uniform as 
those of'calculi', and they may alt(>r their position on change of posture. 

. EMBOLISM AND THROMBOSIS IN THE MESENTERIC 

BLOOD VESSELS 

Occlusion of the mesenteric vessels may involve the arteries or 
the veins, and in either case it usually leads tu infarction of a part of 
the intestine. Venous occlusion is always due to thrombosis, but 
'arterial occlusion may result from primary thrombosis or from the 
impaction of an embolus. Ruj)tur(* of the mesenteric vessels, as may 
occur from a crush or blast, if not fatal from ha-morrhage, may produce 
the same cfiects. 

In surgical practice these lesions are rare. They occur usually in 
subjects past middle life with disease of the circulatory system, and they 
give rise to a very acute and generally fatal illness. Diagnosis can 
rarely be made with certainty before the abdomen is opened. 

The anatomical peculiarities of the mesenteric circulation require 
consideration in order that the mechanism of infarction may be 
understood. The anastomosis between the superior and inferior 
mesenteric arteries through the ascending branch of the inferior 
mesenteric and the middle colic artery is a slender one; and if the 
superior mesenteric artery be suddenly obstructed the inferior mesenteric 
is insufficient to compensate for its loss, although when occlusion 
is gradual a collateral circulation may be established. Collateral 
circulation in the mesentery of the small intestine is very free through 
the channel of aiterial arcades tliat coniuct the twelve or more 
mesenteric vessels, but not through the arteries that pass from the 
terminal row of arcades to the gujt, These arteries a^e known as the 
vasa recta. They are short and do not communicate freely 
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with on(‘ anotlior in tho ineseulcry or on tiio surface of the bowi'l. 
Consequently if the vasa recta or the distal arcades are obstructed 
the vitality of the affected portion of intestine is imperilled. The dis¬ 
position of the mesenteric A'eins, though not so uniform, corresponds 
roughly to that of the arteries. 

' Arterial Occlusion 

Embolism accounts for the majority of cases of arterial occlusion. 
The inferior rnesejiteric artery, on account of its small diameter, is 
rarely entered by an embolus, but the superior artery is of larger 
calibre and, at its origin, runs almost parallel to the aorta, and is 
consequently more often occluded, ^^n embolus may originate in the 
heart or in the aorta, or sometimes from a pysemic infarct in the lung 
that has led to septic thrombosis of the pulmonary veins. An embolus 
from the heart usually takes the form of an organized vegetation from 
the mitral or, less often from the aortic valve; and it may be detached 
during the acute stages of endocaiditis or at a remoter period. Emboli 
from the aorta usually arise frmu organized clot formed on an athero¬ 
matous plaque or ulcer. ' 

The superior mesenteric trunk and its larger branches are affeeted 
with about equal frequency. The effect of the impaction of the embolus 
in the main trunk is to cause immediate arrest of the circulation distally. 
Venous flow in the mesentery ceases ; and, as there are no valves in 
the portal veins, venous engorgement occurs from backflow in the 
mesenteric veins. Finally, infarction of the intestine occurs. If the 
embolus is arrested lower down in the mesenteric artery or in one of 
its larger branches, the collateral vessels are sufTicient to maintain 
the circulation, and wotild suffice to^keep the intestine alive were it 
not for a secondary thrombosis that usually extends centrifugally from 
the site of the embolus. If thrombosis reaches the terminal arcades or 
the vasa recta, infarction is inevitable. 

Primary thrombosis in the mesenteric arteries is very rare. It may 
occur as a result of extension of atheroma of the abdominal aorta, 
from thrombosis arising in an aneurysm of the superior mesenteric 
artery, and rarely in association with thrornboangeitis obliterans. 
Continental writers have suggested that local arteriosclerosis of the 
mesenteric arteries may cause thrombosis, and that such narrowing 
may be a cause of painful intestinal crises in elderly subjects. 

Venous Occlusion 

Thrombosis in the mesenteric veins,{may be secondary to obstruction 
in the portal vein, e.g., from pressure of tumours or in cirrhosis,’ but it 
is ^ore often initiated by infective processes in the viscera drained by 
thein,) 

Appendjeitis with suppuration is responsible for most cases. The 
thrombosis is of an infective character and'l usually leads to portal 
pysemia with abscesses in the liver)(sea p. 571). The pylephlebitis, which 
is commonest in the ileocolic vein, may be found at operation, but more 
often it arises as a post-operativq ^aomplication. Its frequency is less 
than 1 per 1,000 cases of acute appendicitis. 

..■i . 16" 
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Simple thrombosis of the veins may, in rare instances, be com¬ 
pensated through collateral vessels, but if the process extends to, or 
originates in, the peripheral arcades or their tributaries, infarction 
ensues. 


Results of Mesenteric Vascular Occlusion. 

The pathological effects of mesenteric vascular occlusion, general 
and local, are similar to those of strangulation of the intestine and 
are dependent on the length of bowel involved {see p. 492). Haemor¬ 
rhagic infarction is the usual result. Whether the obstruction is 
arterial or venous, the intestine and mesentery become congested, 
swollen and nedematous. Blood-stained serous fluid is exuded into 
the peritoneal cavity, and a haemorrhagic exudate forms in the lumen 
of the bowc'l. With the onset of infarction the intestine assumes a 
dull purple shade, loses its elasticity, and finally becomes gangrenous. 
The whole small intestine or a small section of it may be involved. The 
line pf demarcation is rarely abrupt. At operation the mesentery is 
very turgid and friable, and is pulseless over a wide areaJ 

j^|e?pntcric occlusion results in a fulminating abdominal illness 
wiih features simulating intestinal obstruction or internal ha'mor- 
rhi^e. The swollen intestine may give rise to a palpable tumour and, 
if h^elasna is present, the resemblance to intussusception may be very 
close. 

Operative treatment aims at resecting the devascularized area of 
intestine and mesentery in the hope of arresting the spreading throm¬ 
bosis and averting toxic absorption. Success has followed removal of 
as much as 14 feet of the small intestine. 


RETROPERITONEAL AND MESENTERIC CYSTS AND TUMOURS 

The majority of cysts and tumours in the retroperitoneal tissues or 
mesentery arise from the pancreas, kidneys, adrenals, andjymplxgknds, 
and are described in their respective chapters. There remain, however, 
a certain number which arise otherwise, and it is to them that the terms 
retroperitoneal or mesenteiic cysts and tumours are usually applied. 

The classification of these conditions is imsatisfactory, for some are 
simple retention cysts, others arc cystic tumours, and yet others are solid 
tumours. They may arise either between the lay era of the mesentery 
or mesocolon, or in the retroperitoneal areolar tissues^' Cysts in the 
mesentery tend, as they enlarge, to expand the base oi the mesentery 
and eventually to assume a retroperitoneal position, and cysts arising 
in the retroperitoneal tissue sometimes bulge between the layers of the 
mesentery. 

In gmeial, these retroperitoneal or mesenteric swellings tend to 
displace the visewa forwards, and they may cause symptoms by 
|}!r^sure on the stomach dr intestines. The ureter, being adherent to 
the postoior pai*ietal pdritoheum, may be compressed, and secondary 
liydronephrosis occur. 
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Cysts 

The following classification of retroperitoneal cysts has been 
suggested :—" 

(1) Traumatic : blood cysts arising from ao eucajiMilatcd lucniatoma. 

(2) Inflammatory: tuberculous cysts arising from glandular 

infection. 

(3) Parasitic: hydatid cysts, usually setiondary to echinococcus 

disease of the liver. 

(4) Neoplastic : cysts arising rroni the degriuTiition of tumours. 

(5) Dermoid cysts. 

(6) Developmental cysts. 

Only the last variety requires further consideration. 

Developmental cysts are generally unilocular cysts of simple stroctun*. 
They lie in the retroperitoneal fatty tissues and an* unalttuilicd to their 
surroumiings except by areolar tissue. The wall of the cyst is composed 
of fibrous tissue, and may be thin and almost translucent or very 
thick. Sometimes there is a lining membrane of colmmiar, eubuklal or 
flattened cells. The content is usually a straw-coloured watery (luid of 
low specific gravity, or it may be blood-stained or chylous. Rarely a 
miiltilocular cyst may contain chylous anti clear fluids in separate 
compartments. 

The origin of these developmental cysts is not clearly determined 
and it seems possible that it varies in different examples. The following 
possible modes of origin have been suggested ; (1) lymphatic ; (2) entero¬ 
genous ; (8) mesoeolic ; (4) urogenital. 

Lymphatic cysts, arising from dilatation of lymph Vascular networks 
present in embryonic life, arc known to occur in the neck, where they 
form large thin-walled cavities present at birth (cystic hygroma), and 
it is possible that some retroperitoneal cysts have a similar origin. 

Enterogenous cysts are very rare, and almost always they are situated 
close to the ileocsecal region. They are believed to originate in con¬ 
genital diverticula of the small intestine which have lost their con¬ 
tinuity with the gut. 

Mesoeolic cysts are believed to originate from failure of coalescence 
of the two posterior layers of parietal peritoneum during the thirrl 
stage of intestinal rotation {see p. 485). It is said that the persistence 
of small islands of peritoneum in such circumstances is responsible for 
some retroperitoneal cysts containing watery fluid. 

Urogenital cysts are probably the commonest form of developmental 
retroperitoneal cysts. They are derived from rudiments of the meso- 
n^hros (Wolffian body) (or from other sequestrated portions of the 
developing genito-urinary system^ Generally they are simple unilocular 
cavities containing clear watery fluid, but they may be niultilocular, 
and occasionally they resemble the multilocular cystic tumours of the 
ovary. 

Tumours and Cystic Tumours 

Sarcoma is the commonest retroperltaiieal tumour. It o^urs most 
often in the perinephric region, and jxrincipally affects young perwns. 



fi50 niHEASm OF THE PERITONEVM 

Round-cell arid spindle-cell varieties are described. In its growth and 
pathological characters it resembles sarcoma in other parts of the hpdy. 

Neuroblastoma (sympathicoblastoma) is not uncommon in young 
children, in whom it forms a rapidly growing tumour of great malig¬ 
nancy. It arises from the autonomic system, and closely resembles 
tumours of the adrenal medulla {see p. 602 ). 

Ganglioneuroma may arise in the retroperitoneal tissues, or occasion¬ 
ally in the mesentery. It too arises from the autonomic chain, and 
resembles tumours of similar origin arising from the adrenal medulla 
and in the mediastinum. Tyi)icaiiy, it is a linn rounded tumour which 
grows slowly to considerable size and remains encapsuled, but occasion¬ 
ally it assumes malignant characters. Microsr-opically, it contains 
m^ullatcd and non-mcdullated nerve lil)res and numerous ganglion 
nerve cells. 

Lipoma in the relmperitoneal tissues is not uncommon. A lipo- 
sarcoma or mixed fatty tumour has been described, which is charac¬ 
terized by a tendency to infiltrate widely in the retroperitoneal space and 
even into the vertebral canal. To the naked eye it somewhat resembles 
a lipoma, but microscopically areas of sarcomatous infiltration are 
evident. The tumour is very rare. 

Teratoma in the retroperitoneal tissues may be solid or cystic and 
may attain large size and cause pressure symptoms. The tumour is 
believed to arise from misplaced totipotent cells from the blastomere, 
or from aberrant sex cells. It occurs principally in women. 
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CHAPTER XXVII 


DISEASES OF THE GALL-BLADDER, LIVER AND 

BILE DUCTS 

FUNCTIONS OF THE GALL-BLADDER 

Despite tlie common observation that cliolecystectomy causes little 
or no digestive disturbance there can be no doubt that tlic gall-bladder 
is by no means functionlcss, and cxjievimental researches suggest that 
it plays a valuable part in the physiology of the biliary system. 

(1) Concentration of Bile. As early as the eighteenth century it 
was recognized that during its stay in the gall-bladder the bile becomes 
darker and of less watery consistence, as though concentratc<l, atid in 
recent years clear proof of such a process lias been forthcoming from the 
experimental work of Rous and McMaster. These workers, making use 
of the fact that in the tlog one of tlu' hc}>atic ducts enters the common 
bile duct below the level of the gall-bladder, were able to separate by 
ligature two systems of bile ducts -one connected with the gall-bladder 
and one draining ilircctly from the liver. By comparing the pigment 
content of bile derived from each of these systems, the degree of con¬ 
centration of the bile which had entered the gall-bladder could be 
estimated. From these experiments it becomes evident that the gall¬ 
bladder is able to absorb water from the bile with great rapidity, 
concentrating the bile within the space of a few hours to a tenth part 
of its former bulk. 

(2) The Reservoir Function. The importance of the concentrating 
property lies especially in the fact that it enables the gall-bladder, in 
spite of its small size, to act as an adequate reservoir for the bile, 
storing it in the intervals of digestion and pouring it forth into the 
duodenum as required. Secretion of bile from the liver is continuous, 
and from 20 to 30 ozs. are secreted in the course of 24 hours, but by 
concentration the volume is greatly reduced, and the gall-bladder, 
whose capacity is about 2 ozs., is thus of adequate size. 

(3) Regulation of Pressure in the Biliary System. Whenever the 
sphincter at the lower end of the common duct is contracted the bile is 
dammed back in the duct system, but by concentration in the gall¬ 
bladder and by the elastic expansion of this viscus the potential “ hack 
pressure ” is countered, and the smaller intrahepatic passages are 
protected from distension./ Evidence of the importance of this function 
is seen when a functioning gall-bladder is removed, for some temporary 
dilatation of the whole duct system often then occurs. It is seen again, 
and in more obvious form, in the early stages of complete obstruction 
of the common duct, for in this event a functioning gall-bladder, by 
concentrating the bile and by becoming dilated, delays the increase of 
intraductal pressure and thus hinders the onset of obstructive jaundice. 
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(4) Relation to Cholesterol. Much has been written;, outthis subject^)* 
and directly opposite opinions have been expressed, {gpnie authoritiei^ 
jl^lieving that cholesterol is absorbed from the bile in the sail-bladder,^ 
^' others that cholesterol is excreted by the vesical mucosa.5 At present 
absolute proof is lacking, but there is some evidence in favour of the 
former view. This will be considered again in relation to cholesterosii 
of the gall-bladder. 

(5} Discharge of Bile into the Duodenum. The discharge of bile is 
governed by a reciprocal nervous mechanism between the sphincter of 
the common duct and the gall-bladder, a mechanism whereby relaxation 
of the sphincter coincides with contraction of the gall-bladder, and 
allows the expulsion of bile, whereas spasm of the sphincter leads to 
relaxation of the gall-bladder and passive dilatation. 

Contraction of the gall-bladder with relaxation of the sphincter of 
the common duct occurs as a result of the presence of fiats in the 
duodenum, and may follow the intraduodenal administration of various 
<i4her substances, notably peptone and magnesium sulphate. Ivy and 
Oldberg have obtained similar results by the injection of an extract of 
ip^^Sl^al mucosa resembling secretin, to which they give the name 
SJfni^ystokinin, It is possible that a fatty meal may exert its effect on 
f th^^^all-bladdcr in a sinular way by provoking the formation of some 
^ such Imrmone in the intestinal wall. 

^ reverse effect—^relaxation of the gall-bladder with spasm of the 
^ Oommon duct sphincter—is produced by the administration of morphine. 

^ f'^^his drug, therefore, should be avoided when relaxation of the sphincter 
i»“*is desired, for example in cholangitis or after removal of the gall¬ 
bladder. 


CHOLECYSTITIS 

Cholecystitis is now clearly recognized to be a disease of great 
frequency, and there is little doubt that in women it is responsible for a 
large proportion of all chronic digestive disturbances. 

Opinion in regard to the relationship between cholecystitis and gall¬ 
stones has altered remarkably during recent years. It is now recognized 
that certain types of gall-stones arise as aseptic formations (pure 
cholesterol and pure pi^ent stones), whereas others result from 
diolecystitis. Aseptic stones may predispose to cholecystitis by simple 
irritation of the gall-bladder in which they lie, or they may occlude the 
cystic duct, and thus cause partial or complete stasis of the content. 

Two major varieties of cholecystitis are recognized, acute and 
chronic, and as is customary, the acute variety will be considered first. 
It must be clearly understo^, however, that in the gall-bladder chronic 
inflammation is considerably more common than acute. 

Acute Cholecystitis 

Acute cholecystitis, like appendicitis, is beset by a redundant termino¬ 
logy. Catarrhal, suppurative, ulcerative, phlegmonous and gap.- 
grenomj^oims of ehole<^^tis are described, but it is hardly nec^saiy 
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to say that represent degrees or stages in the inilammatory pracess 
and not distihct types. 

The progress of acute cholecystitis depends partly upon the virulence 
of the inf^ion, but it is often gr^tly influenced by previous or coin- 
cident"bbstruction of the cystic diiot. 

The course of disease in the gallbladder may be aptly compared to 
that in thp appemdix. Both these organs arc narrow-mouthed diverti¬ 
cula, and the progress of their diseases is equally liable to be modified 
by obstruction of their orifices. In the gall-bladder, as in the appendix, 
obstruction to the outflow may follow or precede infection. The cystic 
duct may be occluded during the course of acute cholecystitis, the 
progress of which is thereby aggravated, or it may be occluded as 
a primary event, e.g., by the simple impaction of a stone, when the 
resulting stagnation provides a fertile field for bacterial proliferation. 
Thus it is possible to recognize two processes, acute inflammation and 
acute obstruction, distinct in origin, sometimes unassociated throughout 
their course, but very often combined and coadjuvant. This third, 
combined, type has been described by Morley as “ acute obstnictive 
cholecystitis.” 

(1) Simple Acute Cholecystitis. This affection may occur in a gall*' 
bladder which has previously been healthy, but more commonly it 
supervenes upon existing chronic disease. In man it is almost invariably 
a bacterial infection, but experimentally it may be produced the 
administration of chemical substances such as hypochlorous acid. The 
organisms present are usually B. coli or streptococci, less often B, 
typhosus or Cl. Welchii. 

Acute cholecystitis may arise in the course of acute infective fevers, 
as in typhoid fever or even in pneumonia. In ifhese diseases the bile 
contains large numbers of organisms, and it may be presumed that the 
gall-bladder is infected by direct implantation. In other instances acute 
cholecystitis follows infection from some distant site, acute tonsillitis, 
dental infection, or'even mastitis. It is then probably attributable to 
blood-borne, organisms. Often, however, acute cholecystitis arises in 
healthy subjects, and only perhaps a latent focus in the teeth or in the 
appendix can be incriminated. ^ 

Sometimes the inflammation of acute cholecystitis is at first limited 
to the mucous membrane —acute catarrhal cholecystitis —^and it may 
remain so limited throughout the whole course of the disease, or it may 
spread widely through the whole wall. Since the infection is usually 
of low virulence, acute cholecystitis is rarely fulminating, and acute 
perforation of the gall-bladder is a rare event. In the vast majority of 
cases an early effect of the disease is to stimulate the formation of 
adh^ions, and the gall-bladder rapidly becomes encased in a thick 
cedematous mass of omentum, which effectually prevents the spread of 
infection. Occasionally, however, where the infection is virulent, or 
when the blood supply to the gall-bladder is impaired, the disease may 
progress to mpid perforation and widespread peritonitis {see p. 641). 

(2) Obstruction of the Cystic Duct. A stone, may be impacted 
actually within the lumen of the cystic duot^ but more commonly the 
cystic duct is occluded by the ^indirect pressure of a st9ne in a 
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sacculation at the neck of the gall-bladder (Hartmann’s pouch). 
In other cases, less frequent, obstruction results from other causes— 
for exaniiple, a neoplasm in the ducts or exerting pressure from without, 
an enlarged lymph gland, simple fibrous stenosis of the duct, or even 

a foreign body such as a 



worm or a liver fluke. 

The effects of obstruction 
of the cystic duct, however 
it is caused, depend upon 
the degree and virulence of 
any present or potential in¬ 
fection. When the process 
is entirely non-inflammatory, 
as in a healthy experimental 
animal when a ligature is 
placed round the duct, the 
gall-bladder gradually con¬ 
tracts, and its content be¬ 
comes inspissated. When a 
very mild degree of inflam¬ 
matory change is present, 
the first effect of the 
obstruction is to cause 
secretion of mucus, and the 
gall-bladder then becomes 
distended as a mmocele, 
which may remain com¬ 
pletely aseptic. When 
bacterial infection is present, 
the condition is that known 
as acute obstructive chole¬ 
cystitis. 

(3) Acute Obstructive 
Cholecystitis. In the great 


Fio. 211. Oiistructivi- rliult'cyMtitis. The 
gali-bladdrr, tbiekeiied iiiid seurred by 
chronic cholecystitis, has l)e<;omc the sea't 
of an scute infe<;tion following the impaction 
of a cholesterol stone near the cystic duct. 
The wall of the gall-bladder 'is acutely 
congested and its mucous membrane i's 
eroded. At the time of operation the gall¬ 
bladder contained muco-pus. 


majority of cases of acute 
cholecystitis seen in surgical 
practice, an obstructive ele¬ 
ment is present. The course 
of the disease is greatly 
aggravated by the presence 
of an obstruction, and in¬ 


flammatory changes proceed 
apace, both in the tissues of the wall and in the lumen. The gall¬ 
bladder becomes distended and greatly congested, its wall becomes 
thick, fleshy, and oedematous, the mucous membrane becomes swollen, 
ulcerated and {>erhap.s gangrenous, and pus is exuded into the lumen- 
empyema of the gall-bladderl'*’) 

If, as usually happens, this acute phase subsides, as the oedema 
diminishes, the impacted stoim loosen4-Qi^ miy, other obstructing agent 
is. J*Iicved, and the patency of the >^stic duct may once again be 
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restored. Probably the gall-bladder never retnrns completely to the 
status quo ante, but assumes a state of chronic inflammation, often 
interrupted later by acute or sub-acute exaccrba- *■ 


tions. 

Although this is the usual course, it some¬ 
times happens that the disease progresses to 
further complications, and the infection, hitherto 
practically limited to the gall-bladder, spreads 
more widely. Gangrene of the gall-bladder wall 
may occur and lead cither to sudden perforation 
into the general peritoneal cavity or, more com¬ 
monly, to local abscess formation. As a further 
event, abscesses may form in the subphrenic 
space. 

Perforation of the gall-bladder may result also 
from the direct pressure of a stone in the lumen, 
and in such a case it is usually situated over a 
stone impacted close to the cystic duct. A fistula 
may form between the gall-bladder and other 
stnictures, especially the common duct or the 
duodenum, or, rarely, the colon or stomach. 
Such a fistida may allow the passage of a large 
stone into the intestines, and this may subse¬ 
quently give rise to gall-stone ileus. 

Chronic Cholecystitis 



As the diagnosis of early gall-bladder disease 
has imprt)ved it has become increasingly evident 
that as a rule chronic cholecystitis is not a 
legacy of acute cholecystitis, but a distinct 
disease, insidious in onset and slow in progress. 


Fici. 21.2. Hour-glass 
gull - bladder voa- 
toinutg stones. The 
stones are of “ pure 
pigment ” tyj)e. 


It may pi'ecede gall-stones or may follow them, as a result of their 


irritant and obstructive effects. 


Naked-eye Appearance. In health the gall-bladder wall is trans¬ 
lucent, and transmits the deep blue-green colour of the bile within. 
One of the earliest signs of disease consists in impairment of this 
appearance by faint opacity, often first evident near the neck of the 
gall-bladder (which should therefore always be examined with special 


care), later extending to the fundus. 

Mild cholecystitis is often indicated by three other changes visible 
to the naked eye. (1) A slight excess of subserous fat; not a thick 
adipose deposit such as is sometimes present in health, but a delicate 
layer of a pale yellow colour. (2) Enlargement of the lymph gland 
draining the gall-bladder, the cystic gland which lies alongside the cystic 
duct. (S) Subcapsular fibrosis of the liver adjacent to the gall-bladder. 
No single one of these changes is a positive criterion of cholecystitis, 
but together they form valuable confirmatory evidence. 

OChe presence of dark tarry bile in the gall-bladder is now recognized 
to be no proof of cholecystitis. Oft the contrary, it is an indication of 
the normal concentrat^ fiuif^ftp 
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In later stages cholecystitis presents no difficulty in recognition. 
With increasing fibrosis the wall becomes palpably thickened and of 
pearly white crfour, and eventually the thickening may proceed to an 
extreme degree. The gall-bladder may become dilated, particularly 
from the pressure of stones, or following impaction of a stone at the 
cystic duct; it may remain of normal size, or it may contract down 
to a tough fibrous and almost solid* mass. When the gall-bladder is 
dUajed from any cause it often assumes a sigmoid shape, and a curved 
pouch-like portion bulges downwards, overhangs the cystic duct and 
often adher^^ to the common duct. Such adhesions may expose the 
common duct to injury at operation. 

The mucous membrane at first is congested and oedematous ; later 
it may become ulcerated, especially where pressed upon by stones, 
and eventually extensive scarring may develop, so that the inner 
surface is trabeciilated with criss-cross fibrous bands (see Fig. 241). 
The scarring may lead to stenosis, either at the cystic duct or in the 
bo ^y of the viscus, and in the latter case may lead to some degree of 
hour-glass deformity. Occasionally in very old-standing disease the 
yr^l becomes extensively calcified, so that it may be outlined in a 
radiogram {see also p. 566). 

The gall-bladder may contain healthy bile, but often the bile is 
pale and turbid, and it may contain muco-pus, stones, and the brownish- 
yellow, cholesterol-rich debris, known as biliary mud. The stones may 
lie loose, or they may fill the whole lumen and lie closely packed in a 
solid mass. Occasionally they lie in small diverticula in the wall— 
parietal calculi. 

Microscopically, the mucosa at first is often proliferated, and projects 
in largcibulbous or reduplicated folds which contrast strikingly with the 
delicate villi of the normal organ. Later other signs of chronic inflamma¬ 
tion appear, there is an infiltration with small round cells, the muscle coat 
is atrophied, and fibroblastic and,fibrous tissue pervades the whole 
wall. 

Proliferation of the mucosa may lead to the formation of deep 
clefts lined by epithelium, which penetrate down to, or even through, 
the muscularis, and when cut obliquely in sections such formations may 
lead to an appearance like J|hat of - invading carcinomatous acini 
j[Jlokitansky-Aschoff sinuses). ^vThese are to be distinguished from the 
somewhat similar crypll described by Luschka, which are believed to 
be ^errant bile ducts traversing the gall-bladder wall^^ 

l^ccaklorially the epithelial proliferation is more ex tens ive, and leads 
to "diffuse or localized thic£^ing of the gall-bladder wall, which is 
honeycombed by epithelium-lined crypts and glands, some of which 
may become cystic (cholecystitis glandularis proliferans^ 

Bacteriology of Cholecystitis. On the assumption thacdiolecystitis 
is due to bacterial infection, it would be expected that bacteriolc^oal 
examination of diseased gall-bladders would lead to the isolation of 
organisms in a large proportion of instances. Early investigati^ were 
disappointing in this respeot^jtw^ever, fwit was found that (jidtures 
from the bile, even of groesljy were usuaUy sterfie/) 

Recently, however, it has accurate esthnation 
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bf’the^fection present can be obtained from cultures of the gall- 
blazer wall. 

TEc results of bacteriological examination are somewhat different in 
acute and in chronic cholecystitis. 

In chronic cholecystitis the bile is sterile in a large proportion of 
instances, for it has a mild inhibiting effect upon the growth of organ¬ 
isms, and moreover is continually being flushed out and replaced. 
The gall-bladder wall, on the other hand, is often infected, and cultures 
yield a growth in from 50% to 70% of cases. The organisms most 
commonly present are ^eptococci and B, coli, usually in pure culture 
but occasionally mixea. Less often staphylococci, B. typhosus. Cl. 
Welchii, or other bacteria are found. 

Some evidence favours the view that streptococci play the major 
rSle in cholecystitis, though often their presence is tnasked by the 
prolific growth of secondary invaders. The streptococci are not virulent 
organisms, but are slow growing, and either non-h«emolytic or of 
“ viridans ” type. They usually give the sugar reactions characteristic 
of S. salivarius and S. fcecalis (enterococcus). 

In acute cholecystitis the -flora is somewhat different. Both gal^ 
bladder wall and bile are usually infected, often giving a profuse growth 
in culture, and the most common infecting agent is^, coli. It has been 
suggested that this is often a secondary invader whose advent is rendered 
possible by existing inflammatory changes in the wall or by stagnation^ 
of the contents. Streptococci, ('1. Welchii and, less often, typhoid bacilli, 
may be fotmd. 

Avenues of Infection. There are four possible avenues by which 
organisms may reach the gall-bladder. 

(1) They may ascend the common dyct from the duodenum. This 
route is generally regarded as/unimportant, for even when the gall¬ 
bladder is grossly diseased the ducts are usually thin walled and un¬ 
affected, and it is general experience that^ a liealthy duct system does 
not allow retrograde infections, and, moreover, it has been shown that 


th^uodenal content is usually almost sterile. 

(2) Organisms may spread to the gall-bladder along lymph channels 
frpm.tJiP.liver. Graham has shown that cholecystitis is very frequently 
accompanied by a certain degree of hepatitis, and has suggested that 
the gall-bladder is infected along lymph channels direct from the liver. 
Although backed by very convincing experimllhtal work this view has 
.npt met with general acceptance, and the liver infection is regarded as 
a secondary event due to primary cholecystitis. 

(8) Organisms in the portal blood st^m on reaching the liver may 
escape into the bile and so reai^’ the gall-bladder. It is known that in 
J;^hoid fever, in many infections in the portal area, and even in con¬ 
stipation, organisms find their way into the bile, and there is therefore 
strong primd facie support for this view. Further evidence is found in the 
observations that cliolecystitis commonly accom^nies disease of the 
appendix, colon, and other abdominal viscera, and (bf that the common 
ii^ecting organisms in chakeystitis ace coHform bacilli and streptococci 
pf fjBe nlis type, both coiofti^aJy 4<^hrted from the intestinal tract. 

(4) Organisms may rea^ the gall-bladder directly by the sptemic 
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blood stream, from some distant infective focus. This avenue is 
suggested by the observation that the gall-bladder wall is frequently 
infected wheji the bile remains sterile. It is usually held that infection 
by way of the systemic blof)d stream originateil in such foci as the te^th, 
paranasal sinuses or tonsils. Patey and Whitby, however, have shown 
recently that organisms derived from the intestinal tract may also 
infect the gall-bladder by this avenue, for the liver is an inefficient 
bacterial filter and readily permits the access of organisms from the 
portal to the systemic blood stream. 

^tiolf^y of Cholecystitis. It is generally accepted that cholecystitis 
in man is due to bacterial infect ion, though the invariable accuracy of 
this assumption is by no means proved. According to Rosenow, 
streptococci are responsible for cholecystitis in a large proportion of 
cases. He believes that certain strains of these organisms bear an 
leectixw affinity for the wall of the gall-bladder, but this theory fails to 
account for certain known facts in regard to cholecystitis. Cholecys¬ 
titis is rare in young subjects, and is far more common in stout women 
than thin men, although the incidence of streptococci is presumably 
fairly uniform. This indicates the importance of some special sus¬ 
ceptibility on the part of the patient ratlicr than some special property 
of the infecting organism. Moreover, in early cholecystitis the gall¬ 
bladder wall and bile are commonly sterile, and it would seem likely 
that in these cases subsequent bacterial infection is secondary to 
some aseptic predisposing affection. In many cases, undoubtedly, the 
irritant and obstructive effects of an aseptic cholesterol stone constitute 
the essential predisposing factor. The incidence of cholecystitis in stout 
women suggests that in noncalculous cases some disturbance of lipoid 
or cholesterol metabolism may be the basic predisposing factor. 


CHOLESTEROSIS OF THE GALL-BLADDER 
(Strawberry Gall-bladder) 

This disease is by no means uncommon, but until recent years its 
frequency has not been fully realized. Its characteristic feature lies 
in the ;||deposition of large amounts of esters of cholesterol and other 
fat-like substances in the mucous membrane, where they form either 
multiple small yellow specks like the seeds of a ripe strawberry— 
strawberry or fish-scale gall-bladder —or larger pedunculated masses 
known as lipoid polypi. When the gall-bladder is opened and viewed 
from its inner aspect, the appearance is striking. In the normal 
organ the mucosa is raised into delicate ridges or viUi. In the “ straw¬ 
berry ” condition these ridges instead of being thin and tenuous are 
atout and swollen, distended by yellow lipoid masses. In severe 
samples the ridges throughout practically the whole gall-bladder may 
be tlius affected, and rarely even the intervening recesses also are invaded. 
Even when most extensive, however, the change is strictly limited to 
the gall-bladder itself, J^ort, transverse yellow line, 

the commencement duct and the 

idlypi are localized 
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deposits of a similar nature, which enlarge and thus become 
pedunculated. They are usually singles but as many as a doz(‘n 
may be pre'sent, often associated also with some degrye of “straw¬ 
berry ” change. ' 

Microscopically, the characteristic changes are confined to the 
mucous mpmbrane, and the other coats may cither be healthy or 
show merely the signs of chronic inflammation. Tlic ridges or 
villi of the mucosa, normally delicate tenuous folds, are prominent and 
swollen with lipoid 

material so that they -- 

have been said to re- A 
semblc balloons, 
attached to the sub- 
jacent walls by deli- 
cate stalks. The great 
mass of the lipoid is IP 
contained in large cells 
which lie in the stroma 
of the mucous mem¬ 
brane, principally in 
clumps close to the 
tips of the villi. 

These lipoid-contain- 
ing eells closely 
resemble the charac¬ 
teristic cells of sub¬ 
cutaneous xanthoma. 

The cell nucleus is 
small and stains 
deeply, and surround¬ 
ing it is a very 
delicate cytoplasmic 
network in the meshes 

of which the lipoid 24 ;j, Cholcstcrosis of the {{all-bladder. I'hcre 

collects. From their are numerous massive deposits of cholesterol esters 
appearance these ceils “i the mucous membrane. Near the fundus there is 
,4 » a small lipoid polypus. Note that there are no 

are known as loamy cholesterol deposits in the cystic and common ducts, 
cells.” It is believed 

that they are of endothelial origin and are engaged in phagocytosis 
of the cholesterol. 

Not infrequently cholesterol is deposited also in the columnar 
epithelial cells of the mucosa, in the form of large globules near the 
basal aspect of the cells. When these are stained with Scharlach-R. 
or similar dyes a striking appearance is produced, as of a scarlet 
margin to the section. 

Pathograesis. It has often been stated that cholestcrosis is a 
variety of cholecystitis, but this view cannot be accepted, for although 
the two OTuditiom a'Wi' roay occur alone, 

with no trace of can cholestcrosis be due, 

as has sometimes bfecn cholesterol in the 
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Fiu. 244. Gbolesiterosis of the gall-bladder. Massive 
deposits of efoolesterol esters arc seen in the 
p|v>ininent ridges of the mucous membrane. 
{J>tpartmetU of Svrtery, Uninmily of Edinburgh.) 


blood, for the blood- 
cfioISteroi index is 
sometimes normal or 
even low. 

From the .strict 
localization of the 
cholesterol deposits to 
the gall-bladder itself, 
and their entire 
absence from the 
ducts, it seems clear 
that the disease is 
closely related .to .-the 
function _ of the gall¬ 
bladder in regard to 
cholesterol meta¬ 
bolism, but, in spite 
of much work, our 
knowledge of this 
function is not yet 
complete. It is known 
that the bile as it 
leaves the liver con¬ 


tains much cholesterol, which is either built up by the liver cells or 
derived from cholesterol in the blood, but it has been found difficult to 


prove whether the 
gall-bladder adds fur¬ 
ther cholesterol or, on 
the contrary, subtracts 
some from the bile. 

At present there 
are tvfo main views 
in regard to the origin 
of cholesterosis. The 
first is that the 
cholesterol is deposited 
directly from the..hlood 
/Stream, as a t'esuTt of 
'breakdown of a 
cholesterol -secreting 
mechanism in the ^11- 
bladder.J? The second 
view, more widely 
held, is based upon the 
belief that normally 



f^olesterol is subtract¬ 
ed from the bile ihfihe' 
gall-bladder, but; c^y 
to a ' Very modbrate 
unless the bile- 


Fio. 24i». Clmlesterosis of the gall-bladder. Paraffin 
» section of a villus of the mucous membrane. We 
' viilue is disteiMled by numerom foamy cells, with 
small reticulate protoplasm, in 

the meshes ^l^>«desterbi is held. 

(DtfmAuni PM«er«i<v qf SdMvrtb.) 
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cholesterol concentration is high. In health the absorbed cholesterol 
is probably combined with other substances which render it 
“masked-” and invisible, and is then transported rapidly into I lie 
blood stream. According to this view cholesterosis is thought to resnll 
from two processes (l) increased absorption ol’cholesterol from the liile 
through the gall-bladder walltdue Vo a high bii(>-chplcstcrol content, and 
(2) an alteration in the physical or, elmnical state of the absorbed 
cholesterol, which renders it visible, prevents its further transport, and 
leads to its aggregation in large masses. 

Relation to Cholecystitis. It is generally believed that cholesterosis 
is in some w.ay due to cholecystitis, and it has been suggested that the 
cholesterol deposition results from inflammatory fibrosis and obstruction 



Fro. 240. Two villi fronr a strawberry gall-bladder. (Frozen section 
stained by Scharluch-ll.) Cholesterol deposits (left) in the basal parts 
of the epithelial cells, and (right) in foamy ceils in the stroma. 
(Deparlmmt of Surgery, Vnirermiy of Edinburgh.) 


of the lymph channels by which the cholesterol is normally carried 
away. Cholesterosis may occur, however, in an otherwise healthy gall- 
bladder( although in most examples removed by operations it is accom¬ 
panied bylnild inflammatory change. Moreover, cultures^ frow straw¬ 
berry gall-bladders are sterile in a large proportion of cases. T.hese facts 
seem to justify the view that primarily cholesterosis may be an aseptic 
process. It is possible, however, that cholesterosis renders the gall¬ 
bladder liable to.infection. 

Relation to Gall-stones. Cholesterosis may occur with or without 
gall-stones. Stones were present in 17 of a seri^"bf 86 cases recently 
ejuunined. It is a striking fact that the stones are commonly of pure 
cholesterol type. In the series referred to, no fewer than eleven of 
seventeen stones were of this tyjpe, a frequency out of all proportion to 
then- geneml incidence^, relationship is considered in 

the section on gall-8t«^. - ^ - 
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GALL-STONES 


It is often statetl that there arc tlirce principal circumstances that 
predispose to gall-stone formation : (1) infection of the gall-bladder, 
(2) stasis of bile, and (8) increase in the cholesterol content of the blbod, 
Thi8~slatcmcnt is to some extent true, but it must be qualified by 
consideration of the different varieties of stone, for these are ''■ery 
different in appearance and in chemical constitution, and it is conse¬ 
quently cJitirely irrational to ])(jstulate a common cause. 

Gall-stones may be classified in three principal types : (a) pure 
pigment stones, (i) pure cholesterol stones, and (c) stones of mixed 



Pio, 247. ('holcstc-rol 
stonos (unripe mulberry tyjM*) 
ill u goll-bluddcr affected by 
eholesierosis. 

{Ihpttrtment Surgrr/f, Unirerntii of 
edinhurgh ) 
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Fiu. 248. Gtill-stoiies from a straw- 
lierry gall-bladder. The smallest 
stones are composed of bile pig¬ 
ment. The larger ones consist of 
lobules of cholesterol deposited 
upon minute nuclei of pigment. 
All stages of the process are seen. 

{Department of Surgery, Vnivereitv of 
ISd'ttdnirgh,) 




constitution. Following the work of Aschoff and Bacmeister it seems 
most rational to regard stones of the first two types as aseptic formations 
resulting from derangement in the metabolism of pigment and cholesterol 
respectively, and stones of the third type as resulting from inflammatory 
processes. 

(o) “Pure pigment” Stones (Calcium Bilirubinate). In most 
countries these stones are uncommon, though they are said to be the 
most frequent type in Japan. They are ipultiple, small and dark, and 
are usually xA metalliyhardness and jinfooth. Occasionally they are 
large and iixf^ular in shape. Some of them arise in the smaller hep&tic 
d^cts as “ bile thrombi ” ; bthers appear to originate in the gall-bladder. 
,^^ey are particularly common in those circumstances in which there is 
excess of pigment in the bile, as in haemolytic jaundice, '’j As a rule they 
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cause little clinical disturbance, for they pass readily along the ducts 
to the duodenum, but ^they may occasionally give rise to symptoms, or 
may form nuclei for cholesterol deposition and thus lead to the forma¬ 
tion of larger stones;(see Fig. 248). 

(6) ** Pure Chofesterol ” Stones (95% to 98% cholesterol) arc light 
yellow in colour, or even pure- white, and arc rounded or oval, with a 
smooth or slightly nodular surface. They are usually ainglc (the 
cholesterol “ solitaire ” of Meckel v. Hemsbaeh), or there may be two 
or three, or even several. Such multiple 
stones have been comparwi to uiirij>e 
yellow mulberries. > 


Stones of this type arc often found 
associated with cholcsterosis,' or they 
may occur in a perfectly healthy gall¬ 
bladder, and it appears certain that 
they arise from metabolic disorders 
rather than from infection. Cholesterol 
is normally present in large quantity in 
the bile, but is held in colloidal solution 
by the bile salts, and it is not surprising 
that cholesterol deposition may result 
either from an excess of cholesterol or 
from lack of solvent bile salts. Once 
the cholesterol is thrown out of solution 
it follows recognized physical laws and 
tends to aggregate in a single mass, 
which gradually increases in size' ov(T a 
long period. In a certain proportion of 
eases the cholesterol is deposited around 
preformed calculi of “ pure pigment ” 
type (see Fig. 248). 

The close relationship of pure 
cholesterol stones to cholcsterosis of 
the gall-bladder is a point of some 
interest. It has been suggested that the 
stones originate as “ lipoid polypi ” which 
have become loosened from the gall¬ 
bladder wall and set free in the bile, 
but it seems more probable that both 
stones and cholcsterosis result from 



Ki(i. 240. (iall-l)laddrr eoiitaii 
iriK stones. A jHire cholcslrro! 
stone of aseptic origin, impacted 
in a saccular dilatation close t 
the cystic duct, has predisfmsc 
to the formation of multiple, 
faceted, septic stones. 


a common causative factor, an increase in the cholesterol content of 


the bile. 


(c) Stone of Mixed Composition (Calcium, Cholesterol, Bilirubin). 
These are the common gall-stones. They are usually multiple, some¬ 
times numbering several hundreds, and are then always faceted by 
mutual pressure. Less commonly a single large oval stone is present,- 
perhaps forming an accurate cast of a shrunken gall-blarlder, or there 
may be three or four large barrel-shaped stones. The gall-bladder 
may contain clear bile, or a brownish-yellow d^is known as biliary 
sand or mud. The stones are usually laminated, with a soft friable 
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;i}rovnish centre rich in cholesterol, which is surrounded by alternate 
bile-stained and pale laminae rich in calcium. ^ 

These stones are generally believed to result from infection.: In 
many cases culture yields a growth of organisms, but not uncommonly 
it is found that the stones and the bile or biliary mjuJ are sti^e, 
and even the gall-bladder wall may yield no growtlO In these 
cases it may be supposed that a previous infection has dilM out. 

It is found that “ mixed ” stones, even when very numerous, 
are usually all of one size, or in two or three successive “ hatchings ” 
or crops, and it may therefore be presumed that the predisposing 
factors conoenied are not constantly present, but are apt to pass off and 
recur. According to Aschoff, the essential predisposing factor is the occur*- 
jmnee of a mild acute or subacute cholecystitis, with temporary occlusion 
of the cystic duct and tempora ry collection of mucopus in the gall-bladder. 
Stone formation occurs subsequently, when the inflammation has 
subsided and the cystic duct again becomes patent. When fresh bile 
enters and meets this purulent magma, mutual precipitation occurs, and 
soft concretions form which later become moulded to stones. Quite 
commonly, in addition to one or more crops of faceted stones, there is a 
single rounded stone of larger size, often wedged in the saccular dilata¬ 
tion (Hartmann’s pouch) close to the cystic duct {see Fig. 249). This is a 
combination stone consisting of a central pure cholesterol stone encrusted 
with secondary mixed deposits. On Aschoff’s theory it is to be regarded 
as a primary aseptic stone which later, by occluding the cystic duct, 
has given rise to the formation of multiple septic stones. 

Rarer Varieties of Stones. Stones composed principally of calcium 
carbonate are uncommon. They are usually rounded and fairly hard, 
and are often white and chalk-like in appearance. Occasionally biliver- 
din may replace the bilirubin of mixed or pure pigment varieties, giving 
a greenish colour to the stones. Rarely stones may form around foreign 
bodies, portions of silk or catgut, or even rounrl worms or liver 
flukes. 

Stones in the Bile Ducts. Stones in the bile ducts are usually 
derived from the gall-bladder, whence they have passed into the 
common duct either along the cystic duct or by way of a fistulous 
communication. Occasionally, however, stones may arise primarily in 
thg^ ducts, either as aseptic formations in the finer bile radicles (small 
pigment stones) or from the infection and .biliary stasis associated with 
a stricture or obstruction of 'the common juct. Such stones in the ducts 
are said to be common in China, owing possibly to the prevalence of 
liver flukes and other parasites. ’ 

Once a stone reaches the common duct its further progress depends 
upon its size compared to that of the sphincter at the lower end, for the 
common duct, since it has no muscular coat, is unable to expel the stone 
;a<itively. The stone may be carried thror^h a lax sphincter by the 
Sow of bSCf ^nd probably many small concretions are voided in this 
,way. spippes pia^ become impacted immediately above the 

sphinctef, and fc i^ne^ s|f;uation may project Under the mucosa 
into the duodenuni, and be^dbt^j teadily accessible at pperation by the 
DWAsdUodenal route. More a$mzi^ly the stone does not, become fixed 
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in position, but remains mobile within tlie duct, and by forming a kind 
of ball-valve it gives rise to intermittent obstruction with jaundicx*. 
Occasionally, however, a stone lies in the common duct for a long 
period, yet remains symptoinlcss. At first the stone retains its earlier 
characteristics, and may be rounded, irregular or fac*etcd. After a 
short sojourn in the duct, however, it receives a coating of soft brownish 
ddhria and assumes an oval shape, conforming to the long axis of the 
duct. This putty-!ike crust may break off when the stone is extracted 
at operation, and may form a nucleus for further deposits. 

In a large proportion of cases the stone not only causes obstruction, 
partial or complete, but also renders the duct liable to infection. 
Indeed, cholangitia is rarely due to any cause other than stones. The 
common duct and all the smaller hepatic radicles become greatly 
dilated, and the bile becomes mixed with purulent dibris and with 
“ biliary mud.” Cholangitic abscesses may develop and commonly 
lead to a fatal issue {tee p. 572). * 

> Recurrence of Stones after Operation. After cholecysiostomy stones 
may recur from a simple recrudescence of the factors originally pre¬ 
disposing to stone formation—aided, no doubt, by the increased infection 
and scarring of the mucosa which are apt to follow drainage. In some 
cases a portion of,catgut forms the nticleus for new stones. Not 
infrequently, a “ recurrent ” stone is one overlooked at a previous 
operation. 

Relation of Gall-stones to Pregnancy. It is a commonplace that 
gall-stones occur characteristically in the ” fair, fat and forty,” and 
that the great majority of sufferers are parous women. In Naunyn’s 
experience 90% of women with gall-stones had borne children, and not 
infrequently they may date the first onset of the symptoms of stones 
to the period of one of their pregnancies. It has been generally believed 
that child-bearing predisposed to stone formation in virtue of the 
stagnation of the bile, the increased blood cholesterol content, and the 
greater susceptibility to infections during the later months of pregnancy. 

It has been claimed by Gross, however, that the high incidence of 
gall-stones in the parous is more apparent than real, and is simply due 
to the circumstance that more than four-fifths of the adult female 
population is in the married state. Upon what appears to be adequate 
statistical evidence from the Leeds autopsy record. Gross found that 
in a large series of gall-stone cases the proportion of married women 
to single approximated closely to that of the general population. Of 
226 females with cholethiasis, 89*8% were married, as compared with 
86*6% of a large control series of females with no biliary disease. It 
would therefore appear that the influence of pregnancy upon gall-stone 
formation is statistically insignificant. The special susceptibility of 
females to gall-stones must be due to some factor other than the changes 
associated with child-bearing. 

Gall-stones in Childhood. Gall-stones are uncommon before the age 
of forty years, and are rwe in childhood. There are, however, reported 
cases occurring in infancy and even in hfe. PotU^ has recently 
collected 226 cases from the literatudi^^;^-bladder disease occurring 
before the age of fifteen years, inj^i^^ caa^ in which stones 



566 'DISE4SES OF THE GALL-BLADDER LIVER ETC. 

f ,» 

were present. There were two examples in the Iwtus (sixth month 
and eighth month respectively), twelve in new-born children and 
' twenty-eight in young infants. In some of the older children there was 
a history of typhoid fever or other infective disease of the abdomen, 
which may have been the sctiological factor. In others, the records 
suggest that the stones were of pigment type, and were probably 
iusociated with excessive haemolysis. * 

' Gall-stone Ileus. Impaction of a gall-stone in the intestine is respon- 
siljfe for approximately 1% to 2% of all eases of intestinal obstruction. 
The site of impaction in the majority of cases is the distal ileum; rarely 
the stone is arrested in the jejunum, at the ileo-caecal valve or in the 
colon. 

To obstruct the intestine a gall-stone must necessarily be of con¬ 
siderable size, 2 cm. or more in diameter. Such a stone may reach the 
intestinal tract via the common bile duct (ulcerating through from the 
lower end of the duct into the duodenum) but this is a rare avenue, 
and in the majority of cases the stone gains access to the duodenum 
vid a cholecyst-duodenal fistula. 

Sometimes there is a long history of calculous cholecystitis cul¬ 
minating in an acute attack, and it is evident that the fistula has 
resulted from rupture of the acutely inflamed gall-bladder into the 
adherent duodenum. More often there is no antecedent history and it is 
presumed that a large symptomless stone in the gall-bladder has 
caused gradual pressure necrosis of the contiguous walls of the two 
viscera. 

After the stone has been extruded, the gall-bladder becomes con¬ 
tracted, forming a small thick-walled cavity, whilst the fistula may also 
become greatly reduced in size. 

The stone on,reaching the duodenum may be carried to the ileum 
and impact within a few hours, or it may remain free in the intestine 
and acquire a shell of intestinal deposits. 

The obstruction which results is at first a partial one, and may 
remain so during several days; eventually it becomes complete as a 
result of spasm of the intestine and ulceration and infection of its 
mucous membrane. 

Lack of antecedent history, the ^*ariable cliaracter of the onset, 
and, in many, the abseiu'c of marked abdominal distension, render 
diagnosis difficult and are often responsible for dangerous delay in 
instituting treatment. 

CALCIFICATION OF THE GALL-BLADDER 

This rare condition is characterized by deposition of calcium in 
the outer (liitiscular and subserous) coats of the gall-bladder, either in 
patchy fashion or throughout the viscus. To outward appearance, the 
gall-bladder is pale, smooth and shiny, sometimes resembling porcelain. 
On its inner aspect, the wall is irregular'and rough, for the mucous 
membrane, deprived of its blood supply, generally sloughs. 

Calcification of the gall-bladder ip i^^^::always a late sequel to 
cidculous cholecystitis. In most ca^ is of large size. 
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is thick-walled, and contains a stone impacted in or close to the cystic 
duct; and it is obvious that the calcification has supervened upon a 
chronic obstructive cholecystitis with empyema of the gall-bladder. 
In addition to the primary obstructing stone the gall-bladder may 
contain secondary stones composed of calcium carbonate, and also 
thick gritty dibris, rich in calcium. In other cases a calcified gall¬ 
bladder is of small size, tightly contracted round a large stone or a 
number pf closely-packed faceted stones. 

The disease occurs principally in elderly females. It is remarkable 
that in the majority of cases the symptoms arc slight or even absent. 
The condition may be recognized by the discovery of a painless, mobile, 
stony hard lump in the right hypochondrium wdiose outline is obvious 
radiographically. 

VOLVULUS OF THE GALL-BLADDER 

A gall-bladder which has an abnormally loose attachment to the 
liver by a complete mesentery may undergo torsion. Rotation may be 
clockwise or anti-clockwise, and may be through a full circle. The few 
cases reported have occurred chiefly in elderly women, and in gall¬ 
bladders w'hich in other respects had been healthy. In most cases 
there have been no calculi, and no constant predisposing factor has 
been observed. 

Torsion occurs acutely and is associated with severe pain and 
shock. It leads to interference with the blood supply and is followed 
by gangrene and perforation of the gall-bladder. 

TUMOURS OF THE GALL-BLADDER 

Simple Tumours. Simple tumours of the gall-bladder arc not 
uncommon, but from their small size and innocent nature they are 
often not recognized. Occasionally a benign adenoma, ctmiposcd of 
columnar cells arranged in acini, is found near the fundus of the gall¬ 
bladder, forming a button-like prominence in the wall. A true papil¬ 
loma is rare. Lipoid papilloma is the name sometimes given to the 
cholesterol-laden polypi of cholesterosis, but these are merely due 
to the aggregation of cholesterol in the villi, and are not to be regarded 
as tumours. True papillomata contain no lipoid material, but form 
small greenish projections on the mucous surface. Microscopically they 
have the character of papillary adenomata, with acini of columiuRr 
cells set in a well-formed stroma. Rarely such papillomata may be 
multiple, covering the whole surface of the gall-bladder, and in such 
cases they must be regarded as potentially malignant. 

Malignant Tumours. Carcinoma is practically the only malignant 
tumour of the gall-bladder, although there are a few reported cases of 
sarcoma, melanoma and endothelioma, and one ease which resembled 
a hypernephroma. 

Carcinoma of the gall-bladder is now known to be far from rare. 
It is found in from l of surgical operations on the biliary 

tract, and comprises 2^ to of ifll cases of malignant disease seen at 
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mitopsy. It is most common in women between the ages of fifty and 
sixty-five years. ,» . / . 

The tumour is of special interest as the most striking examples 
of .malignant disease developing as irritation, for 

it'i^ almost invariably an end result or^|rp£w^i^|iolecyst^^ in most 
oases accompanied by gall-stones. Th(Sd^i«Jpem|wy cases on record, 



Pio. 250. Carcinoma of the gall-bladder, invading the liver. The tumour, 
of scirrhous character, has caused a diffuse thickening of the gall¬ 
bladder and forms an ill-defined, pale mass infiltrating the Iwer. 
There is a large secondary growth in the cystic lymph gland. Note 
the association of gall-stones and carcinoma. 

(Depoftmeniof Surgery, Unitenity ef BdMIturgk.) 


moreover, of carcinoma developing months Or even years after operative 
removal of the stones. 

Carcinoma of the gall-bladder spreads at an early stage beyond the 
confines of the gall-bladder, and soon oversteps the limits of su cessfu) 
removal, it invades the liver by direct continuity forming a large 
mass, sometime^ 8 or 10 cm. in diameter, at its lower border. It spreads 
to the lymph ^atij^j^lpng the cystic and common dnets, and thus may 
cause ob8tamctive,|auli^lb%,4i||^^ cases it disseqodhates through the 
peritoneal cavity. Distant t^yW<^nuhon, except in the 
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Fig. 251. Papillary adenocardtioma of the gall-bladder. In places there 
are irregular glandular acini, whereas in other parts there is a deSnitc 
papillary formation. 

(Department of Surgery, VnivertUy of EdinhurgK) 


lungs, but there are a few cases on record of seeontlary growths in 
bones, and even in the breast. 

Four types of carcinoma of the gall-bladder may be recognized. 
(1) The scirrhous carcinoma is the commonest. It is a columnar-cell 



Fig. 252. Adenocarcinoma of the gall-bladder invading the liver. The 
columnar cells of tiie tumour (below) are arranged in irregular acini. 
The liver cells bordering on the tumour (top rigphC)' are flattened and 
atrophied, and those a little ftirtho^l^ay various degrees of 
fatty degeneration. 
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adenocarcinoma an acinar structure and a dense librous stroma,’ 
and it gives rise to a very hard growth which infiltrates the gall-bladder 
wall. At an early stage it forms a localized induration which may be 
mistaken for an area of chronic cholecystitis. In some cases it encircles 
and obstructs the cystic duct and may predispose to the development 
of empyema of the gall-bladder, or if it arises near the midpoint of the 
yiscus it may give rise to an hour-glass deformity. Ultimately, in most 
' cases, it completely envelops the gall-bladder and almost obliterates 
the lumen. ^ 

'(2) Papillary or proliferaiim carcimnia is less common. It is an 
adenocarcinoma with a scanty stroma. The cells, columnar in shape, 
are arranged* in irregular acini and may show a papillary arrangement. 
The growth is soft and often bulky, and tends to project into and fill 
the lumen of the gall-bladder. 

*(8) Colloid carcinoma is a soft tumour, recognizable by its gelatinous 
character. Sometimes the whole tumour is of colloid type, sometimes 
only a j)art is affected, and in ^ibe the condition is recognized only 
on microscopic examination. The cells, few in number, lie singly or 
in ijii-foruied acini, whilst the bulk of the tumour is made up of a 
structureless, blue-staimng material, pseudomucin. The cells contain 
droplie^ of this substance in their cytoplasm, and some of them are 
distei^citd to signet-ring shape. 

(41) SqtMmoas carcinoma (epithelioma) is a rare form of tumour, 
which presents characters similar to carcinoma of such squamous-cell 
membranes as the skin, the tongue or the cesophagus. The cells are of 
squamous type, there may be (!ell nests or epithelial pearls, and it is 
sometimes possible to identify typical prickle cells with intercellular 
bridges. 

In some cases the whole tumour is of this type, in others only a 
part shows the squamous character, and there is a confusing appearance 
of areas of squamous epithelioma adjoining and merging into areas 
of columnar-cell adenocarcinoma. 

Squamous epithelioma of the gall-bladder is generally regarded as 
an example of metaplasia, and it is thought possible that the growth 
arises in an area of the mucosa affected by leukoplakia as a result of 
the chronic irritation of gall-stones. Nicholson has pointed out that the 
development of squamous cells in a viscus of entodermal origin such as 
the gall-bladder has its analogy in the normal development of the 
oesophagus, which, like the rest of the foregut, is originally lined by 
columnar cells, but develops a squamous-cell membrane at an early 
stage of embryonic life. 

j ABSCESSES IN THE LIVER 

Solitary Abscess. Almost always this is a tropical abscess following 
amoebic dysentery, but in rare circumstances a single abscess may 
arise ftom other causes, as fiom the spread of infection from the gall¬ 
bladder, or from suppuration in a hydatid cyst, or from pycemic infection. 

A trppical abscess results from infection of th^e liver by amoebae, 
which presumably reach this situation via the portal blood stream. 
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The disease affects Eurupeans living in the trjpics with relatively 
greater frequency than the indigenous, and occasionally it has affected 
persons who have never visited the tropics. In PO’Jo to 80% of eases 
the abscess develops in the right lobe of the liver, and «)ften near its 
superior surface. It may attain large size, and is rarely recognized 
until several ounces of pus have collected. Hurely it may hold as much 
as 16 pints. The wall of the abscess is'composed of neerotie liver tissue, 
and is usually shaggy and irregular. Later, miieh librous tissue develops 
and may form a fairly well-defined capsule. 'J’he pus may be of creamy, 
appearance, but is usually 
ehocolate-eolourwl from 
degenerating liver sub- 
'stanee, and is often viscid 
and glairy. Amoeba' are 
present in the wall and 
adjacent liver tissue, but 
are often ditlieult to 
demonstrate. 

t econdary perihepatitis 
usually develops, and the 
liver becomes fixed by 
adhesions to the dia¬ 
phragm, abdominal wall 
and viscera. For this 
reason, downward dis¬ 
placement of the liver is 
unuvsual and the full ex¬ 
tent of the enlargement is 
evidenced by radiogra])hic 
demonstration of eleva¬ 
tion of the diaphragm. 

The abscess may remain 
intact but often it rup¬ 
tures, especially into the 
lung, pleura or peri¬ 
toneum. Superadded in¬ 
fection with pyogenic 
organisms may occur. 

Multiple Abscesses. 

(1) Pyoemic Abscesses. These may occur in the course of any gisneral 
pyaemia. They are scattered through all parts of the liver and are 
of small size, and as the liver affection is generally overshadowed by 
the severity of the general disease, they have little clinical significance. 

(2) Abscesses from Pylephlebitis and Portal Pywmia. Suppurative 
pylephlebitis results most often from appendicular infection, occasion¬ 
ally from suppurating lesions in the pelvis, e.g„ salpingitis, suppurating 
ovarian cysts, or even infected hsemorrhoids, and rarely from other 
intra-abdominal diseases. Males are affec:ted most often, and most 
cases occur in the third decade. The disease follows infective throm¬ 
bosis of the vessels near the original lesion, e.g., the appendicular veins. 



Fig. 2.‘i3. Multiple ubseesscs iii the liver, due 
to pylrphlebilis. 

{Muneum of Royal CMegt of Surgeotu of Edinburgh.) 
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and from here it may extend to any part of the portal venous system, 
sometimes principally involving the extrahepatic vessels, sometimes 
the intrah<‘patiq ones. The portal vein^and its branches contain 
brownish pus mixed with breaking-down blood clot, their walls are 
swollen and acutely iiillamcd, and the perivascular tissues may also 
suppurate. 

The Uver is enlarged and tender. Its surface may be smooth, or 
nodular with numerous projecting abscesses, and it is usually adherent 
to the diaphragm and parietes. When cut it is seen to contain 
numerous abscesses, varying up to the size of walnuts, and between 
the cavities are pale yellow areas where the liver has undergone 
necrosis. Usually the abscesses are scattered through all parts of the 
Uver, but sometimee/one lobe, especially the right, may be more affected, 
a localization which probably depends in part upon the fact that the 
portal blood stream runs in currents, so that the blood from any 
one organ remains more or less separate and is diverted principally 
towards one or other lobe. Fortunately, the disease is very rare, for it 
almost invariably proves fatal, often from spread of the infection to the 
Iting, pleura or peritoneum. 

Portal pyaemia is the term used for a similar condition in which the 
abscesses are believed to be due to infected emboli in the portal stream 
rather than to direct infection along the vessel walls. It presents no 
distinctive features, however, and the two conditions are generally 
regarded as one. 

(8) Cholangitic Abscesses. As the name indicates, these abscesses 
follow infection of the liver secondary to cholangitis, and consequently 
they are usually due to a gall-stone in the common duct. Rarely they 
result from other lesions associated with stagnation of the bile, such as 
the pressure of a tumour or, in the East, the presence of liver flukes or 
worms. 

The liver is enlargetl, and scattered through it are numerous greenish- 
yellow areas. Some of these are soft, but others are solid ahSTmay 
even resemble secondary malignant nodules. Sometimes the abscesses 
lie near the surface of the liver, and adjacent cavities may become 
confluent and reach larger size. The ca vitie s comniuiiicate with bile 
ducts, into which they discharge their contents^ smd consequently the 
pus is deeply bile-coloured, and often mixed with “ biliary mud.” 

Clinically, abscesses of this type are associated with the syndrome 
“Charcot’s intermittent hepatic fever.” Jaundice develops, of a 
peculiar ashy-grey type; the enlarged liver becomes tender and painful, 
the temperature swings intermittently, with frequent rigors; and 
there is severe toxaemia with sweating and rapid loss of weight. 

CYSTS OF THE LIVER 

There arc two principal types of liver cyst, the parasitic and non- 
parasitic. 

Pams^ic cysis occur in hy<^tid disease, and the liver is the commonest 
site'jitf this affection {see |h 60). Usually there is a, single cyst, but 
peeasionally multiple cy&ik are {unseat. < Hydatid cysts are most 
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common in the right lobe of the liver, and, according to Dew, they are 
situated towards its inferior aspect in 75% of cases. Consequently 
they tend to project towards the peritoneal cavity and become palpable 
through the abdominal wall. The cyst may be unilocular and contain 
no daughter cysts, but more often these are present, often in considerable 
numbers. Sometimes the cysts attain large size. They may rupture 
into the peritoneal cavity, into the biliarj passag<*s or the stomach, or 
through the diaphragm, but the commonest termination is calcification. 
Occasionally superadded septic infection of the cyst occurs. 

Non-parasitic cysts are not uncommon, but being generally symptom¬ 
less they rarely demand surgical attention. Three main types are 
recognized. 

' (1) Cysts associaied with polycystic disease of the kidneys are nearly 

always multiple. The liver is greatly enlarged, and under its capsule 
project numerous cysts containing clear watery or blood-stained fluid. 
The cysts are of congenital origin, but may be of small size at birth 
and generally remain unrecognized until adult life, or even old age. 
They are said to be three times commoner in females than in males. 
Their mode of origin is not fully understood, but it seems probable that 
they are formed by the irregular proliferation of aberrant hypoblastic 
cells arising from the primitive biliary papilla. 

(2) Cysts associated with tumours are seen in cystic adenoma of the 
liver, and occasionally in bile-duct carcinoma and other growths. 
There are one or two cases on record of teratomatous (dermoid) cyst. 

(8) Retention cysts are generally solitary, or there may be a number 
of small cysts communicating with one large cavity. The cyst has a 
wall of fibrous tissue, often lined by a single layer of flattened epithe¬ 
lium, and it contains watery fluid, straw-coloured or sometimes blood¬ 
stained. The cyst does not communicate with the biliary system 
and therefore does not contain bile. Cysts of this type arc generally 
regarded as due to retention within a small bile duct, the result of local 
obstruction by fibrosis. In most cases the cyst is small, and gives rise 
to no symptoms unless hsemorrhage occurs, when acute pain and fever 
may result. Occasionally a cyst reaches large size, and may contain 
as much as 13 pints of fluid. It may then exert pressure on neighbouring 
structures, the stomach, duodenum, portal vein, inferior vena cava, or 
even the right ureter. 


GUMMA OF THE LIVER 

The liver may be affected in inherited syphilis, or in the secondary 
or tertiary stages of acquired syphilis. From the surgical standpoint it is 
only necessary to consider the gummata of tertiary acquired disease. 

Gummata are usually multiple, and arise principally near the 
surface of the liver under the capsule. They may scattered in 
different parts of the liver, but usually the right lobe is particularly 
affected. In appearance and microscopic characters they do not differ 
from gummata elsewhere. They vary in size up to several centimetres 
in diameter, and are composed of dense %|^us tissue, often somewhat 
necrotic at the centre. Mi 0 i!OScopicaBy,'it is seen that the smaller 



574 DISEASES OF THE GALL-BLADDER LIVER ETC. 


gummata lie in the capsule of the liver and in its prolongations in the 
portal tracts. Surrounding the central necrotic portion is a well- 
dcve|pped zone of fibrous tissue, with areas of lymphocytic infiltration. 
Endarteritis obliterans is usually a striking feature in the adjacent 
blood ^essels. 

Cuii|[mata of the liver are of special importance surgically, owing 
to theiw tendency to mimic other biliary diseases. To the naked eye 
they aiK often indistinguishable from secondary malignant growths, 
and such confusion is all the more likely since the subjects of hepatic 
syphilis are often emaciated and cachectic. Chimmata of the liver may 
simulate (iholecystitis, fi)r they may give rise to irregular fevt'r and 
intermittent attacks of jaundice. Healing of a gumma is accompanied 
by extreme s<‘arring, and this may cause obstructive jaundice and 
mimic the effects of a tumour of the common duct or of the paiuireas. 


ACTINOMYCOSIS OF THE LIVER 

This is a rare affection, and is almost always secondary to 
.Rctinomy(!otic disease of the intestinal tract.. The lesions have the 
characteristics of actinomycosis elsewhere (see p. 46). The abscess is 
usually multilocular, and on section has the appearance of a honeycomb 
of yellow colour. Tlu' liviT becomes adluTcnt to the diaphragm or to 
the abdominal wall, and the abscess may rupture into the lung, into 
the stomach, or on the skin surface, especially after superadded infection. 

PRIMARY TUMOURS OF THE LIVER 

Simple Tumours. Adenoma and angioma are uncommon, and 
usually have little clinical importance. They may grow to large size, 
and ma;^ then cause synifitoms from jircssurc. When situated near 
the inferior margin of the liver such a tumour may become pedunculated 
forming an obvious mobile intraperitoneal swelling of considerable 
size. 

Primary Malignant Tumours. 

Carcinoma may arise eitlier from the liver cells or from the epithelium 
of the smaller bile ducts. Sarcoma alsTo occurs. All varieties are rare, 
and everj- ease requires critical observation to determine that it is not 
secondary to an obscure primary tumoiu. Primary liver-cell cancer is 
of interest, in that it is usually associated with cirrhosis or subacute 
atrophy of the liver. In these diseases a striking feature is the great 
regeneration of liver cells, and it appears that cancer arises when this 
process gets out of control, and when the proliferating liver cells throw 
off all restraining influences. The growth forms a large mass of soft 
solid tissue, very liable to undergo necrosis and softening. Usually the 
mass is single, but numerous secondary nodules develop in the rest of the 
liver, j Metastases rarely appear in other (>rgans. Microscopically, there 
are rounded masses of liver cells, which show irregular mitotic figures 
and other evidence of rapid growth. ' 

Cucer arising in the intrahepatic bile ducts may closely resemble 
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liver-cell cancer. There is, however, usually no cirrhosis. The liver is 
enlarged and contains multiple nodules, each having the structure of a 
columnar-cell adenocarcinoma. i 

f 

SECONDARY TUMOURS IN THE LIVER ( 

The liver is more often affected by secondary tumours than any 
other viscus, and secondary tumours are very imu'lj more ccmimon 
than primary growths. 

In the majority of cases the liver is involved by mctastascs deri\ed 
from tumours within the portal area, and especially by eareiiuuna 
of the stomach, the colon, or the lower end of the cesophagus, in that 
'order of relative frequency. Secondary growths from these three regions 
constitute about 50% of liver tumours. Less commonly the liver is 
involved by cantinoma of the gall-bladder, pancreas, lung, breast and, 
kidney, and by sarcoma originating in other parts of the body. 

As a rule secondary growths are multiple, and arc scattered in all 
parts of the liver, but sometimes a solitary metastasis may attain con¬ 
siderable size before others appear. Occasionally one lobe of the liver 
is affected to a much greater extent than the remainder of the organ. 

Small secondary nodules are usually of firm consistency, and are 
much harder than the surrounding liver tissue, through which they can 
readily be felt. As they increase in size the central parts, deprived of 
their blood supply, undergo degenerative changes and become softened, 
hence large metastases arc often umbilicated. Tlie growths are usually 
of pale colour, and sometimes pearly white, but occasionally, especially 
when of rapid growth, they art* vascular and d(‘cp red. The natural 
features of such tumours as melanoma and chorionic carcinoma are 
usually reproduced in the metastases. 

TUMOURS OF THE BILE DUCTS 

The tally bile-duct tumour in man is a curcimniia, w'hieh may arise 
from either the intrahepatic or the extrahepatic duets. It is etannuaier 
in males than females and occurs usually in later Hie. 

In the extrahepatic ducts the growth commonly arises either in the 
region of the duodenal ampulla or at the junction of the cystic with 
the common ducts. It forms a rounded hard swelling, rarely larger 
than a (therry, leading to a stricture and to comj)lete obstruction of 
the duet. Death from obstructive jaundice usually occurs before the 
tumour metastasizes. Microscopically, it lias the structure of a 
columnar-cell adenocarcinoma. If the growth is situated b(;low the 
cystic duct, the gall-bladder, imless fibrous from previous cholecystitis, 
becomes distended, and if the growth lies above the level of the cystic 
duct the gall- bladder will be small or empty. At operation the great 
difficulty is to distinguish a small growth from a fibrous mass around a 
stone. If, as commonly happens, the growth is small and in the lower 
part of the duct, it may readily be overlooked. 

Carcinoma of the intrahepatic bile ducts frequently takes the form 
of multiple small pale nodules, which appear to arise simultaneously. 
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It is distinguished with some difficulty from a primary liver-cell canceri 
from which it differs in that it has columnar cells arranged round a 
definite lumen. 

CYSTIC DILATATION OF THE COMMON BILE DUCT 

This is a rare congenital abnommlity which rarely comes to light 
until 'adolescence. It affects females four times more commonly 
than^l^ltnales. There is a dilatation like a saccular aneurysm, which 
is cohnected with the supraduodenal part of the common duct and 
forms a cystic swelling of variable size*, sometimes as large as a man’s 
i^ead. Ajb the cyst enlarges it stretches the duct system so that the 
hepatic ducts may open separately into the cyst above, and the common 
duct leaves it lower down. The cystic duet also may have a separate 
opening. The ducts above and below the cyst may be of normal 
calibre, but they are often dilatetl and tortuous, and the liver may be 
cirrhotic. The wall of the cyst in some cases is thin and translucent, 
transmitting the greenish colour of the bile ; in others it is thick and 
fibrous, and may be studded with large calcified plaques and ulcers. 
The biliary content may be clear, or may be of the consistency of pea 
soup. There is usually no lining membrane, but there may be a layer 
of columnar cells, and even exceptionally squamous epithelium (Wilkie). 
As the cyst enlarges it follows the line of least resistance, and this is 
usually downwards and to the right, so that it raises the posterior 
parietal peritoneum of the right subhepatic fossa. The duodenum 
may be displaced downwards or may be stretched across the front of the 
cyst, and the right colic flexure displaced downwards and medially. 
Morley has described a case in which downward displacement of the 
small intestine stretched and constricted the root of the mesentery and 
gave rise to secondary duodenal ileus. The cyst may periodically 
become dilated, when it tends to kink and obstruct the common duct. 
Infection by coliform bacilli is a frequent complication and may prove 
fatal. 

The diagnosis of a cyst of the common bile duct is suggested 
by the presence of a large cystic mass in the right hypochondrium, 
occurring in an adolescent girl and accompanied by recurring 
abdominal pain, intermittent jaundice, and sometimes fever. 

JAUNDICE 

Jaundice is the state characterized by an excess of bile pigment in 
the circulating blood and the tissues. Three types of jaundice are 
recognized:— 

(1) Haemolytic, exemplified in “acholuric jaundice” and other 
diseases of the spleen and reticulo-endothelial system. In these cases 
there is a simple excess of pigment, due to excessive destruction of the 
red bloqd cells. (2) Toxi-infective, for example, catarrhal jaundice 
and the jaundice due to metallic poisons. Here the main feature is 
degenpra'tion of the pbl;j|gQ^l cells of the liva. (8) Obstructive, as in 
occlusion of the bile dui^ by sfone^^p^ Here the bile, after 

beint’iexcreted, is rc^bsoli^bed from In^h^lluto the blood stream. 
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Obstructive Jaundice. From the surgical standpoint obstructive 
jaundice is the most important type, and its pathological features will 
be considered more fully. Obstructive jaundice may be caused by 
(1) foreign bodies within the common duct, such as stones or, rarely, 
parasites; (2) lesions of the common duct, such as carcinoma or, 
rarely, fibrous structure; (8) lesions compressing the conunon duct 
from without, such as carcinoma of the pancreas, secondary nec^l^ms, 
and, rarely, tuberculous or lymphadenoraatous glands in the hxlum of 
the liver. , 

Jaundice develops rapidly after the onset of obstruction to the 
biliary outflow, and may be evident by yellowness of the conjunctiva 
within a few hours. Then the skin becomes pigmented and the Urine 
' discoloured, and finally nearly every tissue is alfected. The only 
unpigmented substances are certain secretions such as the saliva, the 
secretion of the common duct, and usually the milk and cerebrospinal 
fluid. 

At first jaimdice is slight, and the colour of the skin is light yellow, 
but in complete obstruction of long standing it deepens to an olive hue 
(black jaundice) owing to oxidization of the bilirubin to biliverdin. If 
cholangitis and intrahepatic supi^uration follow, with toxicmia and 
cachexia, the colour turns to a sickly greenish-grey (grey jaundice). 

Effects of Obstructive Jaundice. The effects of obstructive jaundice 
may be classified under four headings :— 

(1) Retention of the bile constituents. 

(2) Dilatation of the biliary system. 

(8) Impairment of liver function. 

(4) Alteration in blood coagulability. 

(1) Retention of the Bile Constituents. All the bile constituents 
are retained, and may show an increase, temporary or permanent, in 
the blood. The bilirubin content of the blood rises from the normal of 
about 1 mg. to as much as 250 mg. per litre. Correspondingly, the 
icteric index may rise from the normal figure of 5 to over 200 units. If 
the jaundice continue during several weeks, the bilirubin content may 
finally show a slight decrease. 

The bile salt content of the blood is also increased, and the cholesterol 
content of the blood may rise from the normal of about 160 mg. % 
to double that level. This is not, however, an invariable feature, and 
the blood cholesterol may remain within normal limits. 

It is interesting to note that few of the pathological effects of 
jaundice can be ascribed to retention of the bil6 constituents. The bile 
salts are the only toxic constituents, but in most cases their increase 
in the'blood is only transient. The bile pigments have been shown to 
be completely non-toxic even when present in large amount, whilst 
the cholesterol incre^ is no greater than may occur, for example, in 
pregnancy. 

(2) Dilatation of the Biliary System, The first effect of obstruc¬ 

tion b to raise the pressure within the whole biliary tract, and to 
dbtend the whole duct system, including all the fine biUary radicles 
within the liver (hydrobe|!a^Q^); dilatation b usually most 

extreme when due to Gajbc^iha,>for inf^dlon is then often lacking and 
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the ducts are thin walled, whereas when stmies are present there is 
usually infection and the ducts axe thickened by fibrosis. The gall¬ 
bladder similarly b usually dilated when carebioma is present, con¬ 
tracted by fibrous tissue when the obstruction is due to stones (Cour- 
voisier’s Law), but since carcinoma and stones may coexist this is by 
no means a dependable criterion. 

If the obstruction is maintained a striking alteration occurs in the 
content of the duct system, and the bile becomes pale and colourless 
(white bile). When the pressure in the biliary tract reaches approxi¬ 
mately 800 mm. of water, the liver is unable to continue its excretory 
function, and bile production ceases. The small glands in the walls of 
the common and hepatic ducts, which normally secrete a little clear 
fluid, are able to withstand a considerably higher pressure than this, 
and they continue to function, so that gradually the stagnant bile is 
replaced by their secretion. This is the so-called “ white bile," a clear, 
watery, slightly alkaline fluid containing a trace of mucin, but no other 
bile constituent and no pigment. It is a striking feature, as Wilkie 
oommented, that in a patient deeply jaundiced one of the few un- 
coloured substances in the body is this fluid iit the common bile duct. 

If the gall-bladder is absent or functionlcss through disease, this 
state of afiairs is reached within a week from the onset of complete 
obstruction. On the other hand, a functioning gall-bladder delays the 
appearance of white bile for a much longer period. Sometimes when a 
healthy gall-bladder is present an intermediate stage is found. The 
gall-bladder contains green bile, but the content of the ducts is colourless. 

(8) Impairment of Liver Function. Impairment of liver function 
constitutes one of the major dangers after operation upon cases of 
obstructive jaundice. The impairment is due partly to “ back pres¬ 
sure ” within the distended bile radicles, which leads to atrophy of the 
liver cells; partly, in some cases, to coincident infection. Thus we 
find evidence of liver dysfunction most marked in prolonged jaundice 
and when cholangitis is present—^the latter a common occurrence in 
cases of stone in the common duct. 

The liver function most obviously affected is glycogen storage, and 
the special risk of operation in obstructive jaundice arises from the fact 
that this is also the function most gravely affected by operative trauma 
and by certain antesthetics. In some cases, the impairment of glycogen 
storage can be demonstrated by the laevulose tolerance test. 

In the late stages of severe obstructive jaundice, all the manifold 
functions of the liver may suffer to some degree. The metabolism of 
fats and proteins is upset, poisonous nitrogenous products, which arc 
normally converted by the liver into urea, remain in the circulation 
unchanged and cause secondary toxic effects upon the heart, kidneys 
end other organs, the alkali reserve of the blood is reduced, and eventu¬ 
ally there supervenes a state of cholsemia, which closely resembles 
Hjosemia, 

^ (4) AUeration in Blood Coagulability. It is well ^tablished that in 

obstructive jaundice there is a definite tendency towards haemorrhages. 
'Hus tendency is most notifieabl^ in the lat<$ stages of deep jaundice 
due ^ malignant ol^truclaen the common duct, and it constitutes 
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one of the major risks of operation. Indeed, it has been stated that 
50% of post-operative deat^ in jaundice are due to this cause. The 
bleeding takes the form of an ooae from any ineised or traumatized 
surface, and often leads to the fc^riuation of a ha.‘matoma in the depths 
of the wound. 

It is remarkable that haemorrhages are rare in eases not submitted 
to operation.’ It seems as though the trauma of the operation, or the 
added liver damage, or perhaps the sudden biliary decompression, in 
some way increases the risk of bleeding in the post-operative period. 

The bleeding tendency in jaundice was formerly attributed to a 
deficiency of available calcium, which was believed to be “ fixed ” by 
the retained bile pigments. Recent work has shown, however, that the 
•essential factor is a deficiency of prothrombin, and that this in turn 
results from a lack of an essential food factor, which has been termed 
the Koagulations-Vitamin or Vitamin K. 

Deficiency of this food factor has been shown to be responsible for 
heemorrhagic disorders in chickens and certain animals. In jaundice 
the deficiency arises partly from the fact that the vitamin, being fnt- 
soluble, is not absorbed adequately in the absence of bile from the 
intestine; partly that, after absorption, it is not utilised in conditions 
of In^er damage. 

Chemical investigations have shown that the vitamin is a member 
of the naphthoquinone series. Other naphthoquinones, notably 
2 : methyl-1 ^-naphthoquinone, arc equally active, and after intra¬ 
muscular injection are effective in restoring the normal prothrombin 
level within a few hours. 
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CHAPTER XXVIII 


DISEASES OF THE PANCREAS 

ACUTE PANCREATITIS (Acute Necrosis of the Pancreas) 

AcuT£ pancreatitis is one of the gravest of all acute abdominal 
'diseases. It exceeds even perforation of a peptic ulcer in the sudden 
and dramatic illness it causes, the. pain to which it gives rise is more 
agonizing, the patient’s strength is depleted with greater rapidity, and 
shock and toxjemia are of earlier appearance and are more pronounced. 
In fulminating cases the mortality is about 50%, whilst in the less 
severe types the disability occasioned is severe and prolonged. 

Acute pancreatitis is fortunately not very common. It affects males 
and females with about equal frequency and is most frequent 
between the ages of fifty and sixty years, though in exceptional cases 
it occurs much earlier. 


Morbid Anatomy 

The pathological changes in acute pancreatitis vary according to 
the intensity of the disease. Formerly it was the custom to describe 
three different types,' hsemorrhagic, gangrenous and purulent, but this 
elassification is somewhat misleading, in that'gangrene or necrosis of 
the pancreas is an invariable feature, whilst haemorrhage and suppura¬ 
tion are now regarded as secondary effects, varying in extent according 
to the intensity of the primary destructive change. In conformity with 
modern conceptions of the disease, therefore, it seems preferable to 
recognize two main varieties, the fulminating type, which is generally 
associated with haemorrhages, and the ^ubacute type, which may 
sometimes proceed to suppuration. 

Fulminating Pancreatic Necrosis. In this type the disease originates 
with dramatic intensity and may bring about a fatal issue within two 
or three days. Operation or autopsy reveals extensive necrosis of the 
pwereas with haemorrhages in the vicinity of the gland and a haemor¬ 
rhagic or turbid e^sion into the peritoneal cavity, whilst spots of fat 
necrosis are seen in the extraperitoneal and omental tissues and in even 
more distant situations. 

The pancreas is swollen and necrotic, soft and friable in consistency, 
purplish from extravasated blood or with a yellowish green tinge as a 
result of bile^ sjaining. In most fulminating cases the whole pancreas 
is involved, but occasionally the changes are linuted to one portion of 
it. The connective tissues in the vicinity of the pancreas are tense 
with o^ema or ihfiltmted with blood, whilst the peritoneal 

surfaces are deeply congested. Microscopically, the ihost conspicuous 
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change is necrosis of the pu^nch^a and interlobular septa, with 
haemorrhages around the necrotic and in the surrounding areolar 
tissue. Evidence of an inflammatory reaction is notably lacking at 
this early stage and cultures usually prove sterile., Hyaline changes in 
the blood vessels are usual and there may be widespread thrombosis. 

The hcemorrhages vary in extent, and m some cases are so great as 
to give the appearance of a diffuse retroperitoneal hsematoma.; Some¬ 
times there are liaemorrhages also in other sites, for example in the 
abdominal wall, whilst occasionally the blood gravitates towards the 
loins and gives rise to discoloration of the skin in these regions, 

.The haemorrhages are believed to occur as a result of degenerative 
changes brought about in the walls of blood vessels by enzymes liberated 
from the pancreas. * Rich and Duff have drawn attention to a peculiar 
hyaline necrosis of the vessel walls, affecting particularly the muscle 
fibres of the media and the internal elastic lamina, and have shown 
that a similar lesion may be produced experimentally by the sub¬ 
cutaneous injetetion of trypsin. 

Fat necrosis is one of the most characteristic changes in acute 
pancreatitis. It is most abundant in the neighbourhood of the pancreas 
but also occurs in the fat of the omentum, the transverse mesocolon 
and other extraperitoneal tissues or in the anterior abdominal wall. 
In these regions it has been attributed to the action of lipase liberated 
from the pancreas and permeating along lymph vessels. fRarely, fat 
necrosis has been observed in more distant sites, such as the bone 
marrow, possibly as a result of excessive amounts of lipase carried in 
the bloodstream.^' 

In the vicinity of the pancreas the necrotic fat gives rise to greyish- 
yellow sloughs of cheesy or putty-like appearance. Elsewhere, the 
areas of necrosis take the form of small rais^ tallow-like spots, of firm 
consistency and yellowish-white colour. In these spots the neutral 
fats are saponified by lipase with the formation of glycerol and fatty 
acids; the latter form acicular crystals and may later combine with 
calcium to form insoluble soaps, which are deposited as globular masses 
and may reproduce the outline of the original cells. Eventually, if 
recovery occurs, these deposits naay be reabsorbed. 

The biliary tract often presents pathological changes in acute pan¬ 
creatitis. i^tohes are found in the ^11-bladder with a frequency variously 
estimated at from 40% to 70%, and it is remarkable that the 
itones are commonly of small size, the size of split peas or smaller. In 

sional cases a stone is found in the common bile duct or impacted 
at the duodenal papilla. The gall-bladder may present slight Qhronic 
cholecystitis or be $brous and contracted as a result of long-sranding 
inflammation. The bile is usually dark in colour, muddy or blood¬ 
stained, and culture'may reveal the presence of B. coli, straptococci, or 
smnetimes 

Sidii«iiite Pwcreatic Necrosis. Here the pathological process is the 
same, the disei^proc^s I^s urgentily, and recovery is usual. At 
operation, the pahcrei^ is sn^en aruT presents a bfaymy induration 
(if cut iato, it is occupied by numerous small solid white foci 

of necrosis); thfr retiti|ii^t<meal tissui^ are o^e^tous, and there are 
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scattered spots of fat necrosis in the vicinity; but these changes are 
l^s extensive than in the facilitating type and generally thero are 
hoTiaemorrhages. 

In some cases the disease affects the whole pancreas; in others 
only a small portion is necrotic, and the secondary changes are cor¬ 
respondingly localized. 

In cases pcen two or three weeks after the onset of the disease, an 
abscess may be found, either in the retroperitoneal tissues or, more 
commonly, in the lesser peritoneal sac. Such an abscess contains thin 
pus or j!;urbid watery fluid and there may be large grey sloughs, which 
probably consist of necrotic fat. The abscess is commonly sterile, and 
is thought to result from an aseptic inflammatory reaction caused by 
the presence of necrotic tissue, or by irritation of the peritoneum from 
' escaped pancreatic ferments. It seems probable that the so-called 
false cyst of the pancreas (p. 586) often originates similarly, as a result 
of a mild or localized pancreatic necrosis. 

iStiology 

The intensity of the pathological process, the lack of histological 
evidence of inflammatory change in the fulminating cases, and the 
negative bacteriological findings, all point to the conclusion that the 
disease is not primarily due to bacterial infection. It is now generally 
accepted that the condition is essentially an acute necrosis of the 
pancreas and is due to destruction of the glandular acini by the digestive 
action of its own juice. 'J'he pancreas secretes three enzymes, trypsin, 
diastase and lipase, and it is to the activity of the first-named that the 
auto-digestion is attributed. Normally, the trypsin is secreted in an 
inert form (trypsinogen), and is activated in the duodenum by the 
enzyme enterokinase. It is clear therefore that the cause of acute 
pancreatic necrosis is to be found in a study of the conditions under 
which the trypsin may be activated whilst still within the pancreas.! 

In 1901, Opie, of Johns Hopkins Hospital, reported a case of pan¬ 
creatic necrosis in which he found a small gall-stone impacted at the 
duodenal papilla, and gave strong support to the view that the activation 
of pancreatic juice is caused by a reflux of bile into the pancreatic duct. 
This bile reflux theory has since been the subject of great controversy, 
and much interesting evidence has been collected both in favour of and 
against it. 

It is well established that trypsinogen is activated by bile, especi^|p 
if infected, and animal experimentation has shown that acute pra- 
c'reatic necrosis can readily be produced by the injection of bile into 
the pancreatic duct. Trypsinogen can also be activated by many other 
agencies, including certain chemical substances and organisms such as 
B,_ coli; but infected bile is far the most potent substance known and 
actually has a more powerful activating effect than enterokinase itself. 
(It has been objected that experimental pancreatic necrosis can be 
produced only if the bile is injected under considerable pressure, which 
may well cause rupture of the pancreatic acini and escape of secretion 
into the interlobular connective tissues, but it may be observed that 
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bile is nonnslly secreted at tbe pressure of 30 to 40 cm. *£[80 and that 
biliary pressure may be rais^ as high ^ 100 cm. by a forcefUl cc^' 
Action of the gall-bladder. That mechani^jpjpture of the parnsrea^c 
acini is not the sole factor is shown by the observation tbat~|iaticreatio 
necmis cannot be produced by even forceful injection'.^ Mand sub¬ 
stances.' } 

Opie*s suggestion that impaction of a gall-stone at the duodenal 
; ;pe |>i^ might be a common setiological factor has not l^n borne out 
by cxp^ence. Thus it is found that whereas gall-stones are commonly 
. found fbe gall-bladder (40% to 70%) and are commonly of such a 
eise as to be capable of being carried down and impacting at the papilla, 
idi^^emonstration of such an impacted stone is rarely possible (less 
than 5 per cent, of cases, according to Sclimicden and Sebening), and 
even allowing for the likelihood that such a small concretion often 
escapes into the duodenum after determining the necrosis and thus 
fails to be observed, it is clear that only a minority of cases can be 
explained on such a basis. In this connection, however, it may be 
noted that pancreatic necrosis has been found associated with 
obstruction of the papilla by lesions other than stones, e.g,, a round 
worm. ^ 

Archibald suggested, as an explanation of cases in which no stone is 
found, that a similar obstruction, permitting reflux of bile along the 
pancreatic duct, might be produced by spasm of the sphincter of Oddi, 
such as might arise reflexly in the same'way as pylorospasm in the 
course of cholecystitis. In support of this view* he showed that in cats 
contraction of the sphincter of Oddi will withstand a pressure of 
85 cm. H 2 O, and that under these conditions infected bile introduced 
under pressure into the gall-bladder is forced up the pancreatic duct 
and regularly gives rise to pancreatic necrosis. 

It is well known that the anatomical relationship of the bile and pan¬ 
creatic ducts in man is not always of such a character as to permit bile 
reflux, and many observations have been made to determine the relative 
firequency of different types of ductal arrangement. The findings of 
different observers have been highly inconstant. Thus,. Opie in 100 
routine autopsy cases found an ampuilary arrangement such as would 
allow the two duct systems to become confluent in 89, whereas Mann 
and Giordano placed the incidence at 8-5%—a low estimate which may 
perhaps be explained by the fact that they used formalin-hardened 
specimens without proper allowance for shrinkage of the ampuilary 
tissues. Probably a more reliable estimate is that given by Cameron 
and Noble, who prepared casts of the ducts by injecting fusible metal 
after obstructing the papilla by means of a small stone; under these 
conditions the bile and pancreatic ducts were found to communicate in 
75%ofcaseS; 

These anatomical variations in routine autopsies have, howevar^ 
little bearing on the matter; far more important is the arrangema:it 
of cases of pancreatic necrosis. Untortunatdiy, th»e have 

beest very:^ observ'iWMens on this sul>ject, owing, no doiibt, to the fact 
that in thfse cases, the ^iand is friable and the ducts can be found with 
difflcultv. Isolated cases have been rtnorted. however, in which the 
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ducts opened "Separately into tfte duodenum, and rare cases have also 
been described of necrosis confined to , the area drained by the accessory 
duct of Santorini. To esspliun such cases it has been suggested that the 
activation of trypsinogen ihight have been caused by reflux of intestinal 
contents fro^ the duodenmn, but it must be admitted that such an 
explanation lacks conviction. 

Whilst the evidence cited above points clearly to a reflux of bile 
as the ma.in {etiological factor in many cases of pancreatic necrosis, it 
cannot be regarded as a sufficient; explanation in all. Apart from the 
direct evidence provided by the isolated examples already mentioned, 
in which the ducts have bwn shown to open separately into the duo¬ 
denum, there are many cases in which the occurrence of biliary reflux 
would seem to^have been improbable. Rich and Duff have drawn 
attention to a^proliferative metaplasia of the duct epithelium similar 
to that seen in the breast in chronic mastitis, and have suggested that 
the obstruction of the pancreatic duct caused in this way may be 
responsiWe for the escape of trypsinogen into the intestinal tissues of 
the gland. }'On the other hand, the frequent association of pancreatic 
necrosis witlf chronic cholecystitis lends support to the old view, first 
put forward by Margaret, that a lymph-borne infection may sometimes 
be responsible for initiating the auto-digestion; whilst, finally, the 
occasional occurrence of pancreatic necrosis in the course of typhoid 
fever, mumps and other diseases suggests that in some cases' a blood- 
borne'^ infection may be an aetiological factor. 


PANCREATIC CYSTS 

Pancreatic cysts are rare. Their surgical importance lies in the fact 
that they must be taken into consideration in the differentiation of 
other cystic tumours in the abdomen. 

It is customary to divide cysts of the pancreas into true and 
according as they arise in the gland itself or merely in proximity 

to it. 


True Pancreatic Cysts 

True pancreatic cysts are much rarer than false ones. They may 
originate in many different ways and the following varieties may be 
recognized : (1) Retention cysts. (2) Degeneration cysts. (8) Con¬ 
genital cystic disease. (4) Dermoid cysts. (5) Hydatid cysts. 
(6) Heemorrhagic cysts. 

(1) Retention Cysts. Cystic dilatation of the ducts of the pancreas 
may result from obstruction by^^^culi, from^fibrous stenosis of the 
main duct, and from chronic pancreatitis. The dilatation may be 
widely distributed but is rarely very great. 

(2) Degeneratl<m Cysts may arise either in an ad eno ma or in a 
carcinoma. The cyst is usually multilpcular and is situate in thei hood 
of tile pancreas. It contains clew or mucoid flmd« Vrhidh may be blqra- 
stained. 

' Multiple cysts are preseiri; ve&ry frequency in association with 



586 


DISEASES OF THE PANCSEAS 


angiomatous tumours of the cerebellum and spinal cord—Lindau’s 
■ disease. Cysts or a hypernephroma may coexist in the kidneys. 

(8) Coi^enital cystic disease is exceedingly rare; it has been found 
usually in children. The condition resembles that met with in the 
kidneys, with which it may coexist. 

(4) and (5) Deirmoid and Hydatid cysts have been found in the 
pancreas. They possess no special features other than those peculiar 
to the site in which they arise. A teratomatous cyst may occur in 
proximity to ^e pancreas. 

(6) Haemoi^hagic Cysts. Bleeding may occur into the pancreas as a 
result of injury or from acute inflammation, and from either of these 
causes a cyst may develop; but blood may be found in almost any 
variety of pancreatic cyst. 

False Pancreatic Cysts or Pseudocysts 

A pseudocyst differs from a true cyst of the pancreas in that it does 
,not originate in the substance of the gland but is situated in close 
proximity to it and is generally connected with if. At operation 
it may be diilicult to determine the exact relationship of the cyst 
to the gland or, indeed, to be certain whether it is a true or false cyst. 
A true and a false cyst may be present in the same individual. 

Etiology. A pseudocyst is due usually to the' encapsulation of 
extravasated fluid in the peripancreatic cellular tissues or in the 
omental bursa. Its mode of origin is not always clear as a satisfactory 
history cannot always be obtained. Many cases are due to injury, and 
follow a blow on the epigastrium which causes laceration of the posterior 
layer of the small peritoneal sac and of the pancreas. Blood and pan¬ 
creatic secretions are poured into the omental bursa or into the cellular 
tissues around the pancreas ; the epiploic foramen becomes sealed, and 
the peritoneum becomes condensed around the effusion and brings about 
its encapsulation. The resulting swelling in the upper part of the 
abdominal cavity may be evident within a few days or a few weeks of 
injury, or it may not be detected for many months. In some cases the 
origin of a pancreatic cyst may be traced to ajpiild attack of pancreatitis, 
which causes an outpouring of blood and pancreatic ferments into the 
tissues around the pancreas. 

Pathological Features. A false pancreatic cyst varies in size from an 
orange to larger than a foetal head. The thickness of the cyst wall 
varies, but^,visually it is quite thin; its jining is generally smooth, 
although ridges and septa are sometimes present. Old blood clot may 
adhere in places to the wall of the cyst. Some cysts are^multilocular. 
The lining of the cyst is sometimes composed of^ylindrical epithelium, 
but in many it is fibrous. The contents of the cyst may be clear and 
watery or^latinous but more often are Ught brown from extravfisated 
blood. Ih a few instances the fluid may have a green tinge fiom the 
presence of bile. The fluid contains albinnen, is alkaUne in reaction 
aild specific gravity, and on analyst is fqund lo eontam very 

..little sgpid matter. The most important charac^ of the fluid is its 
%c|dty of digaition. AH ’th]^ pancreatic fenn^ts n»*iy be present. 
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but often there is only one. In some, especially old encapsuled cysts, 
no ferments are found, or the ferments may be present in an inactivated 
form. The presence of all thrw ferments points to a cyst arising from 
or directly connected with the pancreas, but their absence does not 
exclude a pancreatic origin. The finding of a starch-converting ferment 
alone is of little value in diagnosis, because it has been shown that 
fluid from o^er abdominal cysts or even ascitic fluid may possess such 
properties. (It is a familiar observation that when a pancreatic cyst is 
drained excoriation of the skin and digestion of the sulteutaneous tissues 
may occur from the leakage of the enzyme-containing fluid^, 

A pancreatic cyst may arise in or be related to any part of the gland, 
but most frequently it is in the neighbourhood of the body or the 
tail. In the majority the cyst lies behind the posterior layer of the 
peritoneum forming the omental bursa. The ultimate position and 
relations of the cyst are determined by its relations to the peritoneal 
reflections which form the omental bursa. Thus a cyst may protrude 
between the stomach and liver; or (and this is most frequent) between 
the stomach and transverse colon. Occasionally it has entered the 
layers of the transverse mesocolon, and the colon is stretched over its 
surface. A cyst in the head may cause pressure on the common bile 
duct and jaundice. The many variations in position lead to great dilTi- 
culty in differential diagnosis, and to confusion with other abdominal 
cysts—for example, a dilated gall-bladder, a, cyst of the common bile 
duct, a cyst of the posterior wall of the stomach, a collection of ascitic 
fluid and hydronephrosis. Spontaneous rupture is a rare occurrence. 

In the treatment of a pancreatic cyst, marsupialization of the cyst 
wall and drainage are usually sufficient. Complete removal of a large 
cyst, unless it is pedunculated, may be attended by great risk on 
account of the large and often dilated vessels tliat surround it and 
because of its firm adhesion to neighbouring structures. 


PANCREATIC CALCULI 

Calculi in the pancreatic ducts are rare. Men are affected more 
often than women (4 :1). 

Calculi are never found in a healthy pancreas, and it seems pro¬ 
bable that they are the result of catarrh of the ducts from infection. 
The number of calculi varies, usually five to ten are present; in rare 
cases there is a solitary calculus, but as many as 800 have been found. 
The calculi vary in size from fine gritty material to masses the size of a 
date stone or a walnut. They may be smooth or rough, soft or hard, 
and in colour white, grey or yellow. 

A pancreatic calculus is chiefly composed of pl^o^hate and cas|)onate 
of cft l eium, but examples containing oxa^tes are described. On 
account of their content of lime salts they cast a shadow in a radiogram, 
and this is helpful in their recognition. 

The calculi may be found in all parts of the ducts of the pancreas, 
but the he^ is the usual site. 

A pancreatic "calculus may give rise to symptoms which *j^se^ 
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resemble biliary colic. \In many of the recorded cases gall-stoues have 
beempresent, sometimes with Jaundice, and this has diverted attention 
from the pancreas. In some the preseace of glycosuria, azotorrhcea and 
steatorrhoea may aid in diagnosis by dire^ing particular attention 
to the pancreas. {^Sometimes a calculus has been responsible for an 
l^sces^ 

In diagnosis the presence shadow in the region of the pancreas 
l|iay be helpful. A single calculus in the head usually lies transversely. 

, the calculi are more numerous and distributed throughout the 
fpahereas diagnosis may be made with considerable certainty. 


TUMOURS OF THE PANCREAS 
Simple Tumours 

Simple tumours of the pancreas are rape, but as they are usually 
encapsuled they ate amenable to surgical removal. The commonest 
ir*an adenoma, which is often cystic jjcysiacfenowo). It originates 
probably in the duct epithelium, and has been found most often in 
relation to the head of the gland. 

Islet*<ell Tumour {Nesidioblastoma). A simple adenoma may arise 
in the islet tisspe of the pancreas. It may possess exaggerated functional 
activity and give rise to characteristic metabolic and clinical features 
which are known as hyjpennmlinism. The disease is commonest in 
middle-aged adults, especially women. 

The adenoma is usually greyish-white or pink and ovoid, and may 
be 2-9 in its long axis.. It is most common in the body or tail on 
the superficial surface, but it may be deeply seated in any part of the 
gland. The tumour has usually a thin capsule, but in some instances 
loc^ infiltration has been observed(lbut definite malignancy with meta¬ 
stasis is very rarel^ Microscopically, an islet-cell adenoma is composed 
chiefly o;C,-branchmg solid trabecula two or more cells thick, and sepa¬ 
rated by strands of fibrous tissue rich in blood vessels. The cells are 
mostly MsophiUc and resemble the norma,! p cells of the islets, and are 
polyhedral or columnar with abundant granular cytoplasm containing 
a round or oval nucleus which stains deeply with hamatoxylin. 

All islet-cell tumour may give rise to periodic attacks like those due 
to an overdose of insulin and characterized by dizziness, somnolence, etc. 
The attacks may be precipitated by prolonged fasting, and when they 
occur they may be relieved by giving large quantities of glucose. The 
blood-sugar is constantly low, varying between 0*02% and 0*0S%. 

In cases of suspected h^^rinsulinism, provided other causes of hypo- 
glycssmia c^ be exclude^^surgical exploration is warranted; and in 
the cases in which the tumour has been rmoved and the patient sur¬ 
vived thare has been complete recovery. At operation discovery of 
the tumour may be difiitnilt, or, if it is deeply embedded, impossible. 
There be nu^ than cue tU]^ur. ^ cases there is no tumour 
bu^ genesndiied oveigro'ifdh of tl^ Ldel^th^e.' 
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Malignant Tumours 

The pancreas, especially its he^, is very frequently involved by 
the extension of a carcinoma of stomach, and such a growth is more 
common than a primary malignant tumour. Metastatic tumours from 
the lung, breast, etc., are common. 

Types of Growth. A primary carcinoma may begin in tho-glandular 
epithelium or in the/jells lining the excretory ducts, and the microscopic 
structure is determined by this difference in origin. A cancer arising 
from the glandular epithelium is of a spheroidal-cell pattern; it is 



Fio. 254. Carcinoma in the head of the pancreas. The tumour is small and 
has occluded both the pancreatic and the common bile duct. There is 
a very marked dilatation of the common bile duct and the intrahepatic 
ducts: the gall-bladder is moderately dilated. 

much^ore common and is of moio^rapid growth than the columnar-cell 
type derived from the ducts. The sph^idal-cell tumours are usually 
of ^cirrfeous type, although a bulky encephaloid tumour Is sometimes 
obs^e^ Jn all varieties mupoid, cystic oi^haemorrhagic changes may 
occur. Cakqii have been discovered in the interior of some tumours, 
and have been held responsible for their development. 

Mali^ant tumours sj^ora attain a very large size. The growth is 
usually hard, irregular, IbSH nodul^ on its surface, and it is securely 
flx^ to neighbouring s^cturm^ The cut sur&ce of the tumour is 
usu^y of whitish-grey or y«^V colour, and degiemerative changes are 
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often noted in it. In about 56% of cases the tumour is in the h^ pf 
the pancreas, the body is the next most common site (6%), and the tail 
is but rarely involved. In a considerable proportion (80%) the whole 
gland is involved difl'usely by a multi-nodular type of growth that 
causes a generalized and fairly uniform enlargement of the pancreas. 

Pathological Effects. The pathological effects vary according to 
the situation and the direction of extension of the tumour. When, as 
is most common, the growth is in the head it causes compression of 
the pancreatic duct and may obliterate it completely so that at autopsy 
the whole duct system proximally may be widely dilated. The common 
bile duct is usually subjected to pressure or compression at an early 
stage, although its involvement may be long delayed or may never 
occur. Obstruction of the common bile duct leads to a dilatation of the 
upper part of the duct and gradually increasing distension of the gall¬ 
bladder, and in the later stages the intrahepatic ducts are considerably 
dilated. It,is unusual for the tumour to cause much obstruction of the 
duodenum. .Emptying of the stomach may be interfered with from 
involvement of the pylorus. 

A tumour in the head of the pancreas as it extends may occlude 
the portal vein of its tributaries, or even the vena cava, and ascites is 
often found as a late feature. jPortal thrombosis has occurred in a few 
instances. The ureter, colon or stomach may be invaded in the late 
stages. 

Secondary deposits occur with greatest frequency in the liver, 
either as multiple opaque foci or, more rarely, os a single large mass. 
The retroperitoneal lymph glands are often involved and through that 
channel the mediastinal glands may be invaded. In advanced cases 
metastases of considerable size may occur in the lungs. 

CUnico-pathological Features. The signs and symptoms are 
governed by the position of the tumour. When it attains considerable 
size it may be palpated from the front, but the common scirrhous type 
of growth in the head of the pancreas is often very small and may be 
difficult to detect at operation. The gradual onset of jaundice with 
obvious enlargement of the liver and the gall-bladder is the most 
striking effect. No matter where the tumour is situated, jemaciation is 
very rapid and is out of proportion to its size and rate of growth. 

A tumour in the body of the gland usually causes pain and a gradual 
■ failure of appetite and strengtli, features which make differentiation 
from carcinoma of the stomach difficult. 

From the surgical standpoint malignant tumours of the pancreas, 
on account of the secluded position and infiltrative characters, are 
seldom amenable to other than palliative measures. There are 
occasional «ceptions when the tumour is situated in the body or tail of 
the gland. Recently it has been proved that permanent ligation of the 
pancreatic dikjt with resulting atrophy of glandular tissue may not 
disturb digestion^ Such assurances may stimulate givater boldness in 
dealing with tumours in the head of the pincreas. 
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CHAPTER XXIX 


^ DISEASES OF THE SPLEEN 

The surgery of the spleen, formerly based upon pure empiricism, 
has now passed the experimental stage and is founded on scientific 
pathological and hsematological precepts. 

Structure. The structure of the spleen appears very confusing to 
those unacquainted with its architecture, but actually it is not unduly 
complicated. The thick fibro-muscular caj^ule and tra^culas enclose 
a network of branching cells which form th^ramework of the pulp, and 
scattered through the pulp lie the Malpighian bodies, which consist 
of localized thickenings of lymphoid tissue arranged like mantles 
arotmd the smaller arteries. The structure may best be understood by 
considering the course of the blood stream. The arteries, after giving off 
small side branches which terminate in the Malpighian bodies, branch 
in a dichotomous manner, and end in minute penicillar vessels little 
larger than capillaries, which are surrounded by aggregations of pulp 
cells known as ellipsoids. From there the blood passes into a meshwork 
df wide tortuous channels, the sinusoids of the pulp, which have no 
complete endothelial lining and are essentially clefts between the 
branching reticulate pulp cells. The sinusoids are of large si^ compared 
with the penicillar vessels, and the blood therefore pursues a sluggish 
comesfi, in places even stagnating for relatively long periods ; the blood 
is thus brought into intimate contact with the pulp cells, and is readily 
subjected to their beneficent influences. Finally, the blood leaving 
the pulp spaces is collected into large venous sinuses and thence to the 
tribu^ries of the splenic vein. 

Functions. The spleen is not a separate «nd independent viscus, 
working in isolation and having specific properties, but rather as an 
organ intimately connected with at least three important systems. It 
is the most important member of the reticulo-endothelial system, it 
takes part in the formatio n of the blood, especiall^n the embryo, and 
it is intimately concerned with the meta^oli|!n..gi’'bTood pigment. 
Consequently, it shares in a special degree the same chan^ 4 ,§ ipjtlier 
organs concerned with heematopcesis. 

The functions of the spleen, so far as they are known or suspected, 
may be classified as follows :— 

(1) HOfm^oU tk Function. In adult life this is practi<^y confined 
to the production of lymp^opy^es in the Malpighian bodies, ^^ionally 
in disee^ ^e. Spleen may resume its embryonic property of producing 
red cells aii^ jHdymoiph leucoc^^ ) S . 

{i) As the most important .member of the 

rettcub<«|||mth4i|^ the^pleen is thf mindpal mgan oonc^^ 

with pipuscles. c|& are held up 
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in the meshes of the pulp and are here subjected to destructive influences. 
Their hemeglobin content is set free, and becomes converted into 
intermediate products, which are either stored or despatched to the 
liver for excretion in the bile. Probably the spleen also destroys blood 
p latelet s, for it is found that' in diseases characterize ”by a great 
dimmution in platelets removal of the spleen is followed by their 
reappearance in normal numbers. 

(8) Phagocytosis of ParHcidate Matter. In its sluggish flow Enough 
the sinusoids, the blood comes into intimate contact with the phagocytic 
cells of the pulp, and these exercise the most important action of 
removing organisms and other foreign or nocuous particles present in 
the circulating fluids. This phagocytic action may be demonstrated 
readily in the animal by injecting some particulate substance such as 
Indian ink into the blood stream, when the spleen rapidly becomes 
loaded with pigment smd assumes a-deep black hue. This may be of 
importance as a protective mechanism in infective diseases and in the 
continual minor disturbances of everyday life. 

(4) Res^oir Function. The capsule and trabecul® contain plain 
muscle flBres embedded in the connective tissue, and in virtue of these 
the spleen is aii, actively contractile organ which, in response to certain 
stimuli, undergoes reduction in size to a very considerable extent. The 
importance of this property lies in the fact that in health when the 
body is at rest the spleen contains a large fraction of the total blood 
volume—occasionally, it is claimed, as much as one-fifth—and when 
under certain conditions the need for this blood arises the spleen is able 
to expel it into the portal circulation. 

These variations in size serve to regulate the degree of congestion 
of the liver and the alimentary canal during the phases of digestion, 
and also enable the spleen to respond to the demand for sudden increase 
in the red cell content of the circulating blood, for example, during 
exercise and in asphyxia, carbon monoxide poisoning and haemorrhage. 

(5) E^ect on Fragility of Red 'Cells. Red cells expressed" from the 
splenic pulp are more fragile than those circulating in the blood stream, 
as estimated by their readier lysis when placed in graduated hypotonic 
.salt solutions. Moreover^'*in conditions characterized by excessive 
fragility of the circulating red blood cells it is found that removal of 
the spleen is generally followed by a return of the cells almost, or 
entirely, to their normal stated These observations have suggested that 
the spleen normally, and in certain diseases to a greater degree, increases 

frfligihty vf the red rrjjff ^ 

(6) Produc^m ^ Antibodies. In certain, animals it is found that 
splenectomy is followed by a diminished resistance to infections, and 
it has been thought that the spleen may be an important site for the 
production of antibodies. Confimmtion, however, is lacking. 

Effects of ^daiectomy. fiiemovai of the sj^een is follow^ by 
ten^rar^leucocytosis and temporary anaemia of the secondary type. 
These dirtmbances‘‘"usually p ^s feF.Jfj8fiifs but ociasicnally 

persis^du^g seyc^ moi^hs. When the bl ^ plac ets have been 
r^u^ ib number before operation tl^sre is fi. lapmSetlljm to the 
normal (200,000 per-o* him*)» l>ut when the number Wore operation 
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has been normal there is usually little change». though sometimes an 
increase even to fivefold has been noted, and this probably predisposes 
to thrombosis;. The fragility pf the red cells is decreased in the healthy 
animal after splenectomy, and the same sometimes is observed in 
man, particularly if increased fragility has been present before 
operation. 

On^of the .most valuable effects of splenectomy is a purely mecha¬ 
nical one, namely, that of eliminating the splenic blood flow and thus 
diimnishing tl^e quantity of blood reaching the liver. It is said that in 
heaRh the spleen transmits a quarter of the portal blood, and when the 
splppn is large and very vascular, as in splenic anaemia, the proportion 
t];feKpnitted must be much greater. To a liver embarrassed by cirrhotic 
(^laj^ the reduction of the portal circulation must bring great 
relief. 

The Rationale of Splenectomy. Except in/*injuries or in undue 
.^pbUity of the spleen, splenectomy should only be advised upon some 
definite indication based upon pathological considerations. The days 
of splenectomy for mere splenomegaly are past, and in practice there 
are three major indications for the operation :— 

(1) To remove a focus of disease, e.g., a t umou r or cpt. 

( 2 ^ To reduce the volume of blood in the portal circulation. 

When there is evidence that the spleen is engaged in excessive 
destruction of, or damage to, the cells of the blood. 

The last indication is of especial importance in atypical disorders of 
the spleen and blood-formirig tissues. In progressive anaemia of 
unknown origin with a large spleen it is essential to decide whether the 
spleen is primarily involved and is tlie cause of the anaemia, or whether 
the splenic enlargement is compensatory. In such a case much can be 
learnt from two diagnostic procedures, namely, estimation of the 
fragility of the blood cells and enumeration of the reticulocytes. 

The fragility of the red cells is measured by their resistance to 
hypotonic saline solutions. Normal blood added to a graduated series 
of saline solutions lakes when the concentration of sodium chloride is 
reduced to about 0’85% oV 0-4%, but fragile cells lake more readily, at 
0-5% or 0-6%. 

The reticulocyte count is even more valuable. A reticulocyte is merely 
an immature red cell, and it differs from the adult cell in possessing a 
delicate reticulum, which is invisible in films stained by the usual 
methods, but can be demonstrated readily by the use of vital stains. 
It is probable that all red cells are at first reticulate, but in health 
reticulocytes are present in only very small numbers in the circulating 
blood. An increased count indicates an exaggerated erytluroblastic 
activity of the bone marrow. 

In aplastic anaemia or, where the bone marrow is diseased and 
unable to proliferate, no reticulocytes are formed, whereas in acholuric 
jaundice,, when the bone marrow is attempting to replacy^ the cells 
destroyed in the spleen, the cdunt may rise even to 85%. In pro¬ 
gressive ansima a high reticulocyte count indicates that if the hasmo- 
lytic ag^t he removed, tha^j^hohe/iiUOTrow wU adequately recover its 
nann^activity. . . 
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INJURIES OF THE SPLEEN 

The spleen may be pierced in stab wounds, or rarely by a sharp 
fragment of a broken rib forced Inwards'tlm>ugh the diaphragm. A 
, much more common injury, however, is rupture of the spleen resulting 
from indirect violence. Rupture of the spleen generally occurs as a 
result of a severe crushing or ‘Vrun over ’* injury, and it may be accom¬ 
panied by other injuries, such as fractured ribs, rupture of the liver, 
a tear of the diaphragm or a fracture of the spine. An enlarged spleen, 
especially one which is soft and friable from disease, may be ruptured 
by a comparatively slight injury, or even spontaneously—perhaps as a 
result of a sudden contraction of the plain muscle fibres in its capsule. 
I Ra^e cases have been described of spontaneous rupture of a normal 
i spleen. 

The ruptiu^ generally involves the vascular pedicle of the spleen 
and leads to hsemorrhage into the peritoneal cavity. At first the bleed¬ 
ing is slow, owing to the degree of shock caused by the injury, and a 
hsematoma forms in the left upper quadrant of the abdomen; but after 
a few hours, when the blood pressure rises, the bleeding becomes more 
profuse. In rare cases the severe hsemorrhage may be delayed a day or 
two, or even a week. 

EXCESSIVE MOBILITY OF THE SPLEEN 

A spleen enlarged from any cause, and occasionally a spleen of 
normal size, may stretch its retaining ligaments and attain considerable 
mobility, so that it swings freely to any part of the peritoneal cavity. 
Such a spleen may cause discomfort on account of its weight and 
mobility, and, moreover, it is apt to give rise to symptoms from 
torsion of its pedicle. Such a mobile spleen may rarely give rise to 
secondary effects from pressure. Cases have even been recorded in 
which the spleen became impacted in the pelvis, and pressed upon the 
bladder and rectum. 


CYSTS OF THE SPLEEN 

Cysts of the spleen are rqie, and their origin is obscure. The majority 
ar<^ spurious cysts, the result.of hLaeotprrhage into the substance of the 
spleen or of degenerative changes from infectious or vascular disease. 
Hydatid cysts and* dermoid cysts have been described from time to 
' time. / 

Primary non-parasitic cysts may be classified as single or multiple. 
SiMle cysts, which are rare, have been observed generally in young 
adints. I'hey may attain considerable size and may fill the greater 
part of the abdomen, so as to be mistaken for an ovarian cyst. Such 
cysts contain Mrous^fluid often loaded within cholesterin crystals. The 
cyst may have an endothelial, epidermoid or a fibrous lining, or a 
combination of all. ^ '.. 

Multiple cysts of the sjdeen son^iilill^ occur in Msociation with 
poly^sfic^disease of the'kidn^s andliv^ii 
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TUMOURS OF THE SPLEEN 

Primary tumours in the spleen are extremely rare. ^Carcinoma, 
sarcoma, and^angioma have bWn described. Of second^ tumours, 
^those arising in heematopoietic tissues, e.g.,^ultiple myeloma, are the 
most common. Occasionally the spleen is involved in tumours growing 
from neighbouring organs, such as the stomach or the left kidney. 

The rarity of tumours of the spleen presents a problem of great 
interest in relation to the general features of cancer growth, for although 
the spleen has lymph vessels only about its capsule, its blood supply is 
copious, an4;One would expect it to afford a favourable site for prolifera¬ 
tion of caheer emboli. There is no doubt that many cancer cells reach 
the spleen, but fail to establish themselves, and it would seem that the 
spleen possesses a not yet understood property of inhibiting their 
growth. ( In this respect it resembles muscle which too is another rare 
site of secondary tumours. 

OTHER SURGICAL DISEASES OF THE SPLEEN 

There remain for consideration certain affections of doubtful nature, 
which are characterized by a variable degree of enlargement of the 
spleen and by many more widespread changes. Certain of these 
may be regarded as primary diseases, others are diseases in which 
the spleen merely participates. The classification of these diseases 
presents many difficulties owing to the diversity of their manifestations, 
which, moreover, differ in detail in almost every individual case ; and 
their oejtiology constitutes one of the most difficult problems of haema¬ 
tology. For simplicity, however, it will suffice here to describe only 
those of surgical interest, viz.: (1) acholuric jaundice with erythrocytic 
fragility; (2) splenic anaemia; (8) thrombocytopenic purpura. 

A fourth condition, the distinct entity known as Egyptiam spleno¬ 
megaly, is outside the scope of this book, and it will be sufficient to 
state that it is believed to result from schistosomiasis (bilharziasis), and 
that in its pathology and clinical effects it closely resembles splenic 
anaemia. 

ACHOLURIC OR HiGMOLYTlC JAUNDICE WITH FRAGILITY 

OF RED CELLS 

There are many types of haemolytic jaundice, but the only one of 
surgical interest is that associated with fragility of the erythrocytes. 
This is usuattjT congenital, and then often familial, but it may be an 
acquired affection. It is characterized byQmild jaundice, variable in 
degree but persistent throughout life, secondary anaemia and moderate 
enlargement of the spleeqj 

The essential feature di the disease is an increase in the f^ility of the 
red blood cells. When blood is added to hypotomHaItsotuSiOT2W|[ifflaff'- 
ally didiinishing stroigth, a stage is reached at which lysis or laking of 
Uie red.,cells begins. In health, this point is reached when the con- 
pentratjOh of sodium chloride is redue^ to 0*86% or 0-4%, whereas in 
Cimdit^iu of uqdue&flgility it is reached earliei^ut perhaps 0*5% or 0*6%. 
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The effect of this fragility is to cause an excessive breaking doni^ of the 
abnormal cells by the spleen, with consequent liberation of «cessive 
amouhf» of blood pigment. There is an excess of a pigment closely 
related to bilirubin in the blood, and the bile is heavily laden with 
pigment. The faeces remain coloured, and, as the bilirubinsemia is 
of mild degree, there is no overflow of bile pigments into the urine. 
To compensate for this haemolysis the bone marrow rapidly discharges 
young red cells into the circulation, and consequently the reticulocyte 
count may be increased, even to 86% (see p. 594). 

WhCTe the disease is congenital, the symptoms are usually mild, 
and slight jaundice with anaemia is the only manifestation, In some 
cases, however, and more commonly in the acquired form of the disease 
the anaemia is more severe, and there may be occasional exacerbations 
of the jaundice with pain in the upper abdomen and fever, which may 
simulate cholelithiasis. In many cases gall-stones are formed as the 
result of the disturbance of pigment metabolism. The stones are of the 
“ pure pigment ” type (see p, 562). 

The spleen is invariably enlarged in acholuric jaundice, usually 
only to a moderate degree, occasionally to ten.times its former bulk. 
Adhesions are rarely present. Microscopically, the only gross change 
usually found is a marked increase in the vascularity of the pulp, but 
if the spleen has been removed during an active phase of the disease 
there may be an excess of blood pigment. 

The disease is now regarded as due to the formation in the 
bone-marrow of defective and unduly fragile red cells which readily 
undergo lysis, and it is believed that the spleen enlarges in an attempt 
to remove these excessively fragile cells from the circulation. The 
acquired disease, however, may be due to a primary increase in the 
functional activity of the spleen, an increased a\ddity for red cells and a 
true “ hyjersplenism ” (Parkes Weber). 

Whatever the cause, splenectomy is the rational line of treatment in 
the great majority of cases.' The jaundice rapidly fades, and in a few 
months the blood count returns to normal. Usually the fragility of the 
ceUs shows a slow return almost, if not completely, to the normal. 
Occasionally, however, although all other manifestations of the disease 
disappear, the excessive fragility remains. 

SPLENIC ANiEMlA (Banti*s Disease) 

Splenic ansemia is not now regarded as a distinct entity, but rather 
as an indefinite group of diseases, for there is considerable variation in 
both the clinical and pathological features. For the sake of clearness, 
however, a fairly typical picture may be sketched as follows: The 
disease is characterized by enlargement of the, spleen and secondary 
mi^i^ followed later by cirrhost^ of the livs^ ahd wdtes. Clinically, 
^ are described. CT^e first stage there is gr^ual enlargement 
of wiTsptew, accompanied or foU^^ by ansemia of secondary type, 
but by no other disturbance of general health. ~After a variable period, 
whicb may be many years, the secondstege .rets in, which oreurs at the 
time when the disease is beguuun^l<r:^^ the liver. The liver becomes 
enlarged ffrom early cirehf^iQ dudges, and the genes'd health shows 
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signs of impairment. In the third stage the liver becomes more 
obviously involved by cirrhosis and dipiinishes in size. Ascites and 
jaundice appear as late complications. 

The spleen is considerably enlarged, and may reach to the um¬ 
bilicus, it is grey-pink in colour and of firm consistency. Microscopically, 
there are areas iirf fibrosis, particularly around the central arterioles of 
the Malpighiaii""c|ffpuscles. ("The fibrotic areas contain particles of iron 
pigment—amorp^us deposits of carbonate and oxides of iron, and 
crystals of fStric phosphate—^and on this account are known as siderotic 
nodules. They are believed to be caused by peri-arterial hsemorrhages, 
due to venous congestion. 

Surgically, the condition of the vascular pedicle is of the utmost 
importance. The veins ate especially affected, and both the tributaries 
of the splenic vein, and the short gastric vessels running from the 
hilufii of the spleen towards the greater curvature of the stomach, are 
greatly dilated and tortuous. One large vein at the upper end of 
the gastrokplcnic ligament often seems to be particularly prominent, 
and since enlargement of the spleen has the effect of shortening this 
ligament so that the greater curvature of the stomach ant^hp spleen 
almost touch, ligation of this vessel may prove troubleRme. The 
walls of the veins are usually the scat of thrombophlebitis, rendering 
them brittle and easily torn, and the portal vein may share in this 
alfeetion. Adhesions between the spleen and the diaphragm are said to 
be common, but their frequency has probably been over-estimated. 

The blood changes in splenic anaemia are not characteristic. There 
is secondary anaemia, often to the extent of 3,000,000 red cells per 
c. mm., and tliere is nearly always some degree of leucopenia. An 
importamt feature of the disease is a tendency to haemorrhage. 
Haematemesis, which is especially common, is usually related to the 
presence of dilated veins on the greater curvature or in the oesophagus, 
but bleeding may occur from other situations, when it is presumably due 
to changes in the bleeding time. Rosenthal claims that two types of 
blood chamge occur. In the one (thrombocytopenic type) there is 
diminution or even absence of blood platelets, and a consequent 
liability to haemorrhages ; in the other (thrombocylhaemic type) the 
platelet count is normal or slightly raised, and there is no tendency to 
bleed. The recognition of these two types is significant in amother 
respect, in relation to the not uncommon post-operative complication 
of excessive thrombosis. In the thrombocythaemic variety the platelet 
count may rise after opemtion to very high figures, from the normal 
of about 200,000 to aus much aus a million per c. mm., and the tendency 
to thrombosis may tiierefore be considerable. In the thrombocytopenic 
variety, on the other hauid, the post-operative increase of platelets does 
not greatly surpauis the normal level, and thrombosis is consequently less 
apt to occur. 

As has been indicated above, the term “ splaiic anaemia ” represents 
a lismiatolqgic^ rubbish heap. ‘‘ Hepato-lienad fibrosis ” is a better 
title, l^tholo^cal dhanj^ in the spleen are identical with those foimd 
in the ^mlaurged spleen of hobnail cirrhosis ot the liver, and there is much 
j^ideiuse to suggest Ibat the two disease aire dosely related. 
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^ Banti regarded the splenic enlargement as inflammatory in origin, 
bixt the modem view is that the splenic changes are secondary to a 
hepatitis which only manifests itself in obvious cirrhosis after a long 
period. It has been suggested that hepatitis affects the spleen in two 
distinct ways, first by venous back pressure in the portal system, and 
secondly by pouring out toxins into the blood stream, which affect the 
spleen as a member of the rcticulo-endothelial systehi. ' 


THROMBOCYTOPENIC PURPURA (Essential Thrombopenla) 

, There are many forms of purpura, that is, of diseases characterized 
by a tendency to haemorrhagic extravasations. In some, the changes 
in the blood are obviously secondary, as in the case of the so-called 
symptomatic purpura of septicaemia, miliary tuberculosis, etc.; in 
others, the blood changes appear to be primary. 

The only variety of surgical interest is one of the primary group 
which i&Joiown as thrombocytopenic purpura. This is a disease 
manifesWg itself intermittently in otherwise healthy persons, usually 
adolescents, and clinically characterized by cutaneous haemorrhages, 
slight recurring fever, and splenomegaly. The blood changes during 
the attacks are characteristic. The essential feature is a decrease in the 
number of platelets (thrombocytes) almost to zero, and this results in 
marked increase in the bleeding time as estimated by the duration of 
flow of blood from a small puncture of the lobule of the ear. From the 
normal range of 2 to 4 minutes this may be increased to 15 minutes 
or longer. It is a remarkable fact that although bleeding from the 
capillaries is so prolonged, blood withdrawn and tested for coagulation 
in vitro clots in the normal period. A further factor in prolonging the 
bleeding is found in the failure of the blood clot to retract. 

Hematologists are not yet agreed as to the mode of origin and of 
destruction of the blood platelets, or even that they exist as cellular 
entities, and consequently there is no definite knowledge of the cause 
of thrombocyt<^enia. (One view is that the actual production of 
platelets is unaffected but that the normal platelets are destroyed in 
excessive numbers by the spleen. - 

Another important but little-Understood feature of the disease is an 
increased permeability of the capillary walls, which are liable to rupture 
with undue ease. This may be clearly demonstrated by the test of Hess 
and Frank, which consists in applying to the arm a touniiquct or 
sphygmomanometer band. When the pressure is gradually increased 
to obstruct the veins, a crop of purpuric spots will rapidly develop, both 
under and distal to the tourniquet. * 

It must be remembered that in many of these cases there are only 
mild recurrent attacks. Splenectbmy is indicated in severe cases where 
there is actual risk to life" from heemorrhage, and is more likely tS be 
successful in chronic than acute cases, in which relapses are not un¬ 
common. After splenectomy the platelet count rapidly increases to 
normal, the bleeding diminishes and hewnorrhages cease. 
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CHAPTER XXX 

DISEASES OF THE ADRENAL GLANDS 

Like the pituitary, the adrenal glands are composed of two distinct 
tissues, the medulla ectodermal, the cortex mesodermal—^with corre¬ 
sponding functions. 

The medulla is intimately related to the autonomic nervous 
system. It is derived from neuro-ectoderm, and it acts, through the 
agency of its secretion adrenalin, upon the sympathetic nerve endings. 
Its tumours are of two types. The former are composed of adrenalin- 
secreting cells and are known as chromaffln-cell tumours: the latter 
are composed of peeve cells and their progenitors, and are known as 
neuroblastomata. 

The cortex, on the other hand, is of mesodermal origin, and appears 
first in tiie embryo as a ridge close to the mesonephros (Wolffian body). 
It is composed principally of laxge cells rich in cholesterol, for which it 
is probably a storehouse. Its tumours are composed of cells of similar 
type. The cortex has functions essential to life, whose nature arc not 
clearly understood, and its complete removal or destruction inevitably 
causes rapid death. It appears to influence secondary sexual characters, 
and in tumours of the cortex these are sometimes profoundly altered. 

In addition the cortex has an influence on the metabolism of sodium 
and chloride, as witnessed in Addison’s disease. In this condition 
exhibition of the synthetic active principle of the cortex, desoxy- 
corticosterone acetate {D.O.C.A.), parenterally or by its implantation 
into the tissues is effective in controlling the constitutional effects. 

TUMOURS OF THE ADRENAL MEDULLA 

The cells of the adrenal medulla are derived from the elements of 
the primitive sympathetic chain, from which they migrate at an early 
stage of embryonic life. When matiu*e, they assume the faculty of 
secreting adrenalin, and may be distinguished microscopically by the 
readiness with which they'(mke on a brown coloration when treated 
with chromic acid salts, ^e reason for their designation as pheochromo- 
cytes or chromaffin cell^* ^ 

Tumours of the adrenal medulla are of two types. <Jn the one, the 
cells retain their affinity for chromates and their property of secreting 
adrenalin^ <In the other, they revert to the structure of nerve cells or 
the progenitors of nerve cells^ 

(1) Chromafiin-cell Tumour (Pheochromocytoma). This tumour 
may ^ benign and encapsuled, or it may be malfgPl^ut, when it invades 
neighbouring tissues and may metastasize. Qin some cases the tu^w 
gives rise to dangerous and even fated effects whilst still smaH) in 
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o^jhers, it attains large sisse. Microscopi<^y, the cells are spheroidal or 
of low columnar shape, and may show an irr^ular acinar arrangement. 
Chemical assay of a freshly removed tumour demonstrates its high 
adrenalin content. 

'^^he chief interest of this tumour lies in its clinical effects, which 
are due to intennittent release of large quantities of adrenalin. The 
blood pressure is raised and the heart hypertrophied, while there may 
be attacks of acute hypertension with tachycardia. Pallor followed by 
flushings of the skin, and nervous manifestations with dyspnoea, 
siilTocation, and sensations of constriction in the epigastrium may be 
notedi Glycosuria is a common feature. It is important to be aware 
that affected subjects are very liable to surgical shock, and are therefore 
poor subjects for operation. In some cases, post-operative pulmonary 
^ (^ema has also been noted. 

(2) Nerve'*cell Tumours. These tumours inay be highly malignant, 
and reproduce nerve cells in very immature form (neiuoblastoma), or 
they may be benign and reproduce ganglion nerve cells of adult t 3 q)e 
(ganglioneuroma). Intermediate types may be recognized. 

^^ifeuroblastoma and ganglioneuroma are not limited to the adrenal 
medulla, but may arise from any part of the autonomic nervous system, 
for example, in the retroperitoneal tissues or in the mediastinum. 
Tumours similar to a neuroblastoma may originate also in the retina!} 

Neuroblastoma (Sympathicoblastoma). This tumour occurs m 
infancy or childhood. It is highly malignant, metastasizes early, and 
often leads to a fatal issue in the course of a few months. The tumour 
sometimes attains laige size, but often is permanently small and may 
remain unrecognized even at autopsy, or be mistaken for a secondary 
nodule. It forms a soft .fleshy mass, very prone to htemorrhage and 
degeneration, and it tends to invade surroimding tissues and neigh¬ 
bouring organs—^for instance, the liver or spleen. The kidney js not 
always invaded, even though indented and compressed. 

Microscopically, the tumour closely resen^les a sarcoma, and for 
this reason its true nature was not recognized until 1910 (J. H. Wright). 
It is now clear that the origin is from nerve tissue and it seems probable 
^!that most retroperitoneal tumours of infants previously described as 
^ound-cell sarcoma are of this nature.^ The cells are sma,ll, round or 
oval, with large hyperchromatic nuclei and scanty protoplasm, and 
sometimes arranged in rosettes. Interspersed between groups of the 
cells arcL,ill*delined fibres, which have been identified by special staining 
reactions as axis-cylinder processes and neuroglial fibrils. 

The of adrenalin blastema occur early andTare often the 

first evidence of the disease. Dissemination occurs b^/direct invasion, 
by lympha tic c hannels and by the blood stream. Thete is a remarkable 
tendency to metastasize in the cranial bones near the orbit, and such 
growths are very apt to be mistaken for primary tiunours. Metastases 
occur aliso in tha livCT,, spleen, lungs, ribs, peritoneiun and oth^ tissues. 

Two Htoicjal^l^pfeof tKe disease have been described according to 
the sifi^all^t^^y; metaiftases. 

jfeSfPibfed the type associated with his name. The 
tumour Is usti^y'idtttai^ the right adrenal gland, and the charac- 
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teristic feature is the presence of metastases in the liver. This viscus 
becomes greatly enlarged, soft and haemorrhagic, and may M the greater 
part of the abdomen, completely overshadowing the primary growth, 
^utchison described the type characterized by the liability to secondary 
growths in the orbit and neighbouring parts. The metastasis may 
displace the eyeball and destroy it. The cranial bones affected by the 
tumour develop feathery projections like the “ sun-ray ” spicules of 
periosteal sarcoma {see Fig. 255). 

The two types are by no means distinct and it should be emphasized 
that in most cases there are multiple metastases in situations other than 
the liver and orbit. According to Frew, the growths spread by the 
lymph channels, and the particular form of metastasis depends to some 



Fi«. 25.'5. Cephalic metastasis from a neuroblastoma of the adrenal gland. 
Note the large amount of new bone, arranged in spicules perpendicular 
to the calvaria. 

{Museum of Royal College of Surgeons of Edinburgh.) 

extent upon the different lymph drainage of the two adrenal glands. 
Lymph vessels from the left adrenal communicate with the aortic chain 
of lymph glands, and cells derived from a left-sided tumour may thus 
reach the thoracic duct and the cervical lymph vessels. The lymph 
drainage of the right adrenal gland lies in close relation to the liver, and 
consequently a right-sided tumour usually metastasizes to the liver. 
Frew also claimed that the orbital metastasis is commonly on the same 
side as the primary growth, an observation not confirmed by others. 
i Ganglioneuroma. This rare tumour is of particular interest on account 
of its ganglion cell structure, which in ordiipary) cjmmiste is 
"incapable of division. The tumour may chUdren. 

Intermediate forms of tumour occur, parts the 

''characteristics of ganglioneuroma and P* 822). 
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Micrbscopically, there are numerous nerve gtmglion cells which lie in 
g roups separated by bundWoFm^iillated and non-medullated nerve 
fil^. " 

W TUMOURS OF THE ADRENAL CORTEX 

the adrenal cortex is of n^odermal origin its tumours 
haveA glandular structure and are described as adenoma or carcinoma. 
In Oke majority of cases the tumour is an adenoma, a benign encapsu¬ 
lated tumour^ Less often, though tnainly of adenomatous structure, 
it displayit a locallyianvasive character and attaches itself to the kidneys 
and perinephric fascia. In some cases, finally, it assumes fi-ankly 
malimailt properties and gives rise to distant metastases. 

VPluitever the degree of malignancy of the tmnour, its naked eye 
appearances are fedrly characteristic. It forms a somewhat globular 
tumour, yellow in colotir, and may attain considerable size. OTCeh it 
cSntains cj^sts fill^ with clear or bloodstained fluid, and hsemorrhages 
within its substwce arc common. In general appearance it may 
cl^elj resemble a “ hypernephroma ” of the kidney. 

i^qjfQSCQpically, the cells resemble those of the normal adrenal 
ftOHex, but are arranged atypically. In some cases there is a considerable 
de^ee of anaplasia and the tumour may have the appearance of a 
$aicdma. 

The effects of adrenal cortical tumours vary greatly; in approxi¬ 
mately 50% the tumour is symptomless or gives rise merely to an 
aching pain in the loin ^ in the remainder it causes a remarkable 
series of effects on the ^neraKjnetabolism and secondary'sexual 
characters; the ‘^dreno-genital ” syndrome. Similar effects also 
follow functional overactivity of the adrenal gland, and are believed to be 
due to the elaboration of a hormone or hormones by the cortex. 

In general, a cortical tumour occurring in an adult man or an elderly 
woman is symptomless, whereas one in a child or a young woman gives 
rise to characteristic changes. 

Jn a male child the striking feature is virilism. The changes asso¬ 
ciated with puberty develop early (pubertas praecox). The voice breaks, 
there is a growth of hair on the face, body and pubic region, the external 
genitalia become enlarged, and the psychical chf^es characteristic of 
puberty develop. If the tumour is untreated, ^^brief period of preco¬ 
cious manhood is followed by early senility and death. * 

Sometimes in a male child the most obvious feature is a remarkable 
muscular devflppment—the “ infwt Hercules ” type. 

In a fenu^ child the teiid^^' towai^ virilism is also apparent. 
Puberty develops precociously, but m mos t ca^s l^ere is jtjgo menstrua- 
tiori7“*Tlie "9i5ab^ dry and coatee, the voice is low pi^edt The 
clitoris may beliypiartrophied. ‘ 

... T/n'a woman the effects of an adrenal cortical tumour ara even 
mo«s,i«niarltoble, for they dev,^sjL.iiipidly and cause striking changes 
hi eictcn^ a|^gearance, m^bdUusm and menUlity. A gi^^ pleasing 
appearanee ihay be eonvero^Vittiin a few months into an obese hag. 
In hneCi tbe typkiai Iratuirro are as foll^ — 
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Adi|^ity develops rapidly, with increase of weight of perhaps 20-80 
pounds in a few months. The facgJs full-cheeked and unsightly. * Fat, 
deppsijgd in large pads, over the scapula region gives an appearance'of 
h umpr back. 'whilst great incmase in the omental fat le8ds to marked 
prominence of the abdomra. 'The rapid adiposity cauffes strias Ito 
develop in the skin like the striae gravidarum. 

H^uties appears early. A beard develops, and a growth of hair 
appears on the chest, abdomen and limbs. The hair of the scalp 
becomes short and coarse, whilst the pubic hair assumes the male 
distribution. The skin, often the seat of acne, becomes coarse and dry 
and scaly. 

The internal generative organs—uterus and ovaries—become 
atrophic. Amraorrhcea is the rule. The clitoris is hypertrophied. The 
breasts become flattened. 

Hypertension is a constant feature—the systolic blood pressure may 
be rsusOTrto''200 mm. Hg. or higher—and this may cause headaches. 
Polyuria may occur as a secondary effect. 

Cushing’s Syndrome. The remarkable series of changes described 
above are not confined to cases of adrenal cortical tumour, but occur 
also in diffuse hyperplasia of the cortex, or even in cases in which tlie 
cortex appears normal. 

Some of these are examples of(;Cushing’s syndrome {see p. 291), in 
which over-activity of the adrendl cortex is related to a basophil 
adenoma of the pituitary gland. • Whilst the exact nature of this rela¬ 
tionship is still obscure, it seems most satisfactory to regard the basophil 
adeimma as the primary lesion, which in virtue of its hormone stimulates 
the adrenal cortex to over-activity and thus gives rise to the same effects 
as a primary growth of the adrenal cortex. Broster and Vines have 
shown that the potent cells of a cortical tumour contain fuchsinophil 
granules, and that similar fuchsinophil cells are present in increased 
numbers in the cortex in cases of Cushing’s syndrome and in diffuse 
hyperplasia of the cortex. Thus there is direct evidence of cortical 
over-activity even though on naked eye examination the cortex shows 
no abnormality. Recent work indicates that the adreno-genital syn- 
drpme is associated with excessive production of the male hormone 
androsterone; and, by hormone assay, it is now possible to determine 
whether the pituitary or the adrenal is responsible {see p. 291). 
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CHAPTER XXXI 

DISEASES OF THE URINARY ORGANS 

Development of Urinary Tract. In early intra-uterine life the urinary 
tract undergoes a complicated development. Three distinct sets of 
excretory apparatus appear in turn, the pronephros, the mesonephros 
and the metanephros. The first of these disappears completely after a 
very brief existence, but the second and tliird persist, in part and in 
entirety, to form almost the whole of the urinary as well as portions of 
the generative tracts. 

As in lower members of the animal kingdom, the primitive excretory 
organs—the pronephros and the mesonephros—have a segmental 
distribution. When the embryo becomes segmented, in the third week 



Fig. 256. Diagram showing development of genito-urinary tract. 

(After Felix.) 

of life, each segment receives an excretory apparatus, which is placed 
in a mesodermal mass, the intermediate cell mass, situated on the 
dorsal aspect of the body cavity. Each excretory apparatus consists of 
a few minute tubules opening into the body cavity. Those of the 
cephalad segments constitute pronephros, and they disappear rapidly, 
leaving no trace; those situated nearer the hind part of the embryo, 
behind the mid-ttioracic region, form the mesonephros (Wolffian body), 
and some of them persist. Each Wolffian body, which thus consists of 
a number of minute tubules embedded in mesoderm, projects forward 
into the coelom or body cavity, and forms a prominent longitudinal 
ridge lateral to the mid-line. At first all the tubules drain directly into 
the body cavity, but very soon there appears a long excretory channel, 
which lies in the substance of the Wolflftan body, connects its different 
segments, and extends in a caudad direction as far as the cloaca. This 

• I"' ■ fl07 
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il ^ Wolffian ^ct, a stxuefcare of primary importwce in tl4'^develop* 
urinary tract (aee oko p. 658 ). • 

kidney kas a double origin, being derived partly from the 
Wolffian duct and partly from the metanepiurog, a mass of tissue situated 
at the hind end of the Wolffian body. The origin from the Wolffian 
duct takes the form of a small bud, which appears on the duct close to 
its orifice at the cloaca. This bud is the primitive ureter. It increases 
in length, becomes canalized, and eventually forms not only the ureter, 
but also the renal pelvis, tlie calyces and the straight collecting tubules 
of the kidney. As the “ ureter bud ” is developing, the metanephros 
appears and covers the growing end of the ureter by a cap of tissue, 
and eventually this “ nephric cap ” forms the remainder of the kidney, 
the glomeruli, the convoluted tubules and the loops of Henle. Thus 
each unit of the kidney is composed of two elements, metanephric and 
mesonephric, the one destined for the production of urine, the other 
for its elimination. At first these two elements are separate, but 
they unite at an early stage, and the continuity of each unit is 
established. 

In the early stages of development the kidney lies at the level of 
the second sacral vertebra, and in close contact with its fellow of the 


opposite side, but it soon leaves the mid-line and passes towards the 
loin. At first the hilum of the kidney is directed forwards (ventrally), 
and the ureter and vessels enter on this aspect, but during its ascent 
to the loin the kidney rotates, so that the hilum assumes its adult 


position directed medially. 


Congenital Malformations of Kidney and Ureter. As is to be expected 
from the complicated nature of their development, the kidney and 
ureter are subject to many varied malformations, some rare, others not 
uncommon. It will be convenient first to give a summary, necessarily 
brief, of the rarer anomalies, and to follow this by a detailed description 
of the more common and important types. 

(1) FaUwe in Development of One Kidney. The growth of one kidney 
may be arrested at an early stage, so that although normally placed in 
the loin it is small and functionless. Such a kidney not infrequently 
possesses a dilated renal pelvis—one type of congenital hydronephrosis 
—and the kidney itself may be represented merely by a small cap of 
tissue perched on a large cystic cavity. 

Le^ frequently the developmental failure occurs at an even earlier 
stage, before the appearance of the m%ter-bud from the Wolffian duct, 
and Ibere is a complete absence of kidney and ureter. In addition, the 
corresponding half of the trigone of the bladder is defonned, lacking its 
normal inter-ureteric bmr, and the ureteral orifice is absent; the condi¬ 


tion may therefore be recognized on cystoscopic examination. 

(2) Supernumerary Ureter or Kidney. The ureter bud as it grows 
upwards fron the Wolffian duct may bifurcate and form a Y-sh^>ed 
ureter, 0 the bud may be d<mble at ha origin aitd fbnn two complete 
lireten, which leah^to the turn halves of a sin^ kidney or Into 
two s^paimte kidn^yi. ' Inil^ way arise varying d^pnes of dupticature 
.of the;''ureterand kidlitefe;|!fa i^ ^ the ureter.is single b^w, 
blhuc^s high^ up and .pelves; soienetimes there are 
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two complete ureters, and the kidney, too, may be double; in these 
cases th% ureter from the superior renal pelvis enters the bladder ar an 
orifice below and medial to the other. 

(8) Faulty Insertion of the Ureter, By some error in the partition 
of the cloaca the lower cud of the ureter may be displaced, and it may 
open into the prostatic urethra, or into the vagina, or more rarely 
into the rectufn or even the seminal vesicle. The anomaly may give 
rise to the-eliuical paradox of incontinent micturition of half the urine 
combined with normal bladder control of the remainder. 

(4) Failure in Ascent of a Kidney. This anomaly is rare apart from 
fusion, which is described below, but occasionally one kidney may be 
arrested in the pelvis, or in the iliac fossa, whilst its fellow ascends 
normally. ‘ 

(5) Fusion of the Kidneys. In its primitive position at the level of 
the second sacral vertebra the kidney lies close to the mid-line and near 
its fellow, and the two may readily fuse. The commonest variety is 
“ bilateral fusion ” (horseshoe kidney), which is said to oct;ur in 
approximately 1 of every 800 subjects, but rarely otlu;r types of fusion 
occur. The fused organs may fail to ascend from their prc-sacral origin 
(pelvic kidney), or they may ascend together to one loin (unilateral 
fusion), and other rare types are described. 

Bilateral Fusi&n (Horseshoe Kidney). Here the kidneys lie on their 
respective sides of the mid-line, but are eonnected across the front of the 
aorta either by an isthmus of renal parenchyma or, more often, by a band 
of fibixius tissue. Usually the inferior extremities of the kidneys are con¬ 
nected, rarely the sujierior. 

Anchorage of the kidney to its fellow prevents or perverts the normal 
process of ascent and rotation. Horseshoe kidneys are usually situated 
at a low level, with the connecting band in front of the promontory 
of the sacrum, and often the band is palpable. Since the normal 
rotation is interfered with, the hilum remains on the anterior aspect of 
the kidney and the renal pelvis points directly forwards, hence this 
condition may be recognized in a pyelogram, for the shadow of the 
renal pelvis is superimposed upon that of the calyces. The kidney is 
also tilted obliquely or may lie almost transversely, and the 
ureter, emerging anteriorly, passes down in front of its lower pole. 
Hydronephrosis is often present, and anomalies of blood supply are 
eommon. 

As in all varieties of renal anomaly, there is an especial liability to 
infection and calculus-formation. 

A pelvic kidney^ a rare abnormality, lies in the retroperitoneal 
tissues in the pre-sacral region, where it forms a soft mass of irregular 
shape and variable size, hardly recognizable as renal tissue. Aberrant 
blood vessels supply it, derived from various neighbourii^ sources, and 
there is often some hydronephrosis. The ureters pursue a tortuous 
course before opening normally into the bladder. From its situation a 
pelvic kidney is apt to cause obstruction during labour, or it may, even 
more tragically, be mistaken for a pelvic neoplasm. 

Unilaieral fusion is a rare abnotlilhttiity. One kidney is properly 
situated in the loin, correct^.* with nonnal ureter and 
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vessels, and to its lower pole is attached the othei kidney. The displaced 
kidney carries across its own ureter, and its own artery, which cross 
the mid-iine to their proper side of the bladder and aorta respectively. 
The translated kidney fails to rotate, so that its hilum and renal pelvis 
are directed forwards or even laterally. 

(6) Other anomalies of the kidney and ureter include congenital 
stricture of the ureter, congenital hydronephrosis, and polycystic dis¬ 
ease. These conditions 



Fio. 257. Polycyslie disrusp of the kidney. 'I'lie 
kidney is greatly enlarged and is reptueed by 
cysts of various sistcs. Some of the eysts 
contained clear watery fluids others a viscid 
material which clotted on flvation in formalin. 
The renal pelvis and ureter are of small calibre. 
The renal arteries arc abnonnally placed. 
(Departmtut if Surgery, VnivereUy of Bdinburgk,) 


will be described separ¬ 
ately below. 

POLYCYSTIC .DISEASE 
OF THE KIDNEYS 

This is a disease of 
developmental origin but 
it is usually not manifest 
until early middle life. 
There is sometimes a 
definite familial inci¬ 
dence, and Cairns has 
reported a striking ex¬ 
ample in which three 
successive generations of 
a family were subjects of 
the disease. 

Numerous cysts, 
small and large, appear 
in the substance of the 
kidneys, replacing the 
renal parenchyma and 
projecting like bunches 
of grapes under the cap¬ 
sule. When the condition 
is fully developed both 
kidneys are enlarged in 
greater or less degree, 
sometimes measuring as 
much as 25 cm. in the 
long axes. On cross 


section it is seen that almost the whole renal substance is occupied by 
the cysts, and the remaining traces of parench.vma are compressed 
and fibrous. The cysts may project towards the renal pelvis as well 
as on the surface of the kidney. There is usually little or np dilata¬ 
tion of the pelvis, but sometimes hydronephrosis of , the pelvic type 
eicists. More commonly the renal pelvis, though not dilated, is stretched 


out by the increase in size of the whole kidney, so that the major 
calyces are elongated and the minor calyces, though of normal shape, 
are far a|)art. 

r , coptenlBthe (^i^j^ay be thin and watery, or viscid. Some- 
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times the fluid is clear, of straw colour, containing albumen, urea, and 
various salts, but not infrequently it is discoloured by old or recent 
hsemorrhages to various shades of brown and red. The cyst walls are 
composed of cirrhotic renal tissue and are usually lined by flattened or 
columnar epithelial cells. The epithelimn may proliferate, forming a 
lining several cells deep or with intracystic projections giving a semblance 
of a tumour not unlike that in an ovarian cyst. 

The theory generally held at present attributes polycystic disease to 
a failure of union of the active " secreting ” tubules and the passive 
conducting tubules of the kidney. The whole extent of the active 
tubules, including glomeruli, convolutions and loops of Henlc, is derived 
from the metsnephros, and these elements are at first entirely separate 
from the straight collecting tubules, which grow upwards from the 
luster bud {see p. 608). In normal circumstances the two elements 
unite, but it is thought that incomplete or faulty union may lead to 
dilatation of the affected tubules. 

The features of the disease are of interest in the light of its pathology. 
Polycystic disease may arise in utero, and the foetal kidneys may enlarge 
so greatly as to obstruct the course of labmu*, but, apart from this 
truly congenital variety, the disease rarely becomes manifest until the 
fomlh or fifth decades. During the first thirty or forty years of life 
there may be no symptoms or signs of renal disease, but when at last 
the disease becomes manifest it often runs a rapid course. The earliest 
signs may be those of renal failure, anorexia, headache, indefinite 
gastric disturbances; sometimes the weight of the kidneys causes 
dragging pain in the abdomen, and their enlargement may attract 
attention ; or there may be sudden htematuria. Ursemic manifestations 
lead to a fatal termination. The disease may be complicated in rare 
cases by infection, by the rupture of one of the cysts, or, exceptionally, 
by tumour formation. 

Other Multiple Cysts in the Kidney. Small multiple cysts (“ reten¬ 
tion ” cysts) fortn a constant feature of the granular contracted kidneys 
of chronic interstitial nephritis, and occasionally one or more of these 
may grow to large size, and give rise to a palpable swelling in the abdo¬ 
men. Hydatid cysts may arise in the kidneys, and cysts may occur in 
relation to new growths in the kidneys. 


SOLITARY CYSTS IN THE KIDNEY 

The solitary or “ serous ” cyst of the kidney is of some rarity, but 
interesting because it may form a symptomless abdominal swelling 
whose nature is difficult to define. The condition is one of adult life, 
the average age incidence being forty-five years. The cyst usually 
projects from the lower pole of the kidney, and it may reach large 
dimensions. Often it grows with some rapidity and attains the size of 
an orange in the course of a few months. 

With increase in size it gradually becomes pedunculated and it may 
eventually be freely mobile upon the surface of the kidney. Its wall is 
composed of fibrous tissue, oftc^ thin transluctmt and contains 

* |0-*. 
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clear amber fluid, in which traces of albumen and urea may be foimd. 
A lining membrane of flattened or cubical cells may be present, jlt)ut is 
usually incomplete. The cyst does not communicate with the renal 

pelvis or calyces, and for that reason 
pyelography may be unhelpful. 

The cause of solitary cysts has 
hitherto been in doubt, and they 
have generally been regarded cither 
as retention cysts from a localized 
form of chronic nephritis or as 
congenital lesions comparable to 
polycystic disease. The experimental 
work of Hinman and of Hepler, how¬ 
ever, has suggested that cyst forma¬ 
tion depends upon two essential 
1‘caturcs : (1) obstruction of some of 
the renal tubules, and (2) impairment 
of the blood supply to a limited area 
of the renal cortex. 

HYDRONEPHROSIS AND 
HYDRO-URETER 

^Etiology 

Hydronephrosis with dilatation 
of the renal pelvis and calyces is 
due to obstruction of the outflow 
of urine. The obstruction may 
occur in any part of the urinary tract, as in the ureter by impaction of 
a stone or an intra-urctcral tumour or by pressure from an extraneous 
swelling. Obstruction may occur at the ureteral orifice in the 
bladder from cicatrisation or tumour, or in the urethra when the 
bladder participates in the subsequent changes, and the condition is 
bilateral. 

^Should the obstruction to the outflow be complete and sudden, as 
in blockage of the ureter by an impacted calculus, kidfiey function is 
permanently arrested, the ureter proximally and the renaF^lvis may 
remain normal or be attenuated and the hydronephrosis never 
reaches great size.'^, But, when obstruction is discontinuous or 
only partial, as from ureteral stricture, prostatic enlargement or 
urethral stricture, the sequence of pathological events is exactly what 
takes place in other tubular viscera under similar circumstances, 
viz., utilisation of reserve muscular jjower with consequent hyper¬ 
trophy followed by dilatation. In the bladder this is evidenced by 
thickening of its walls, increased trabeculation, and possibly formation 
of diveyticula. In the ureter the walls become thickened, the 
lumen irregularly distended and the tube elongated and tortuous 
(hydro-ureter). The hypertrophy is less obvious in the renal pelvis 
and <^lyce8. The pressure of recurrent accumulation of urine in the 



Fig. 258, Solitary cyst of tiic kidney. 

(.Muteum of RoutU C’oUegr of Svrtirotit of 
' JSdinburfih.) 
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minor calyces produces flattening of the renal papi’Iaj, interference with 
the outflow from the tubules, and so back-pressure on the glomeruli. 
There is coincident interstitial nephritis and thi* essential structures 
undergo atrophy, partly from pressure, and partly from interference 
with the blood supply as the newly formed librous tissue in the kidney 
contracts; but gradually the kidney becomes distended and may 
reach a very large size, and, then, in its wall renal tissue cannot be 
recognized by the naked eye, and only in parts on microscopic 
examination. At any stage of this process, relief of the rwurrent 
obstruction may arrest the jjrogrcss of the hydronephrosis, but re¬ 
storation of normal structure and functions in the kidney docs not 
occur. 

• Experimental Observations. Experimental studies have afforded 
valuable information in regard to the mode of development of hydro¬ 
nephrosis and to the ensuing alterations in urinary secretion in the 
kidneys. 

When one ureter is obstructed experimentally in rabbits for less 
than a fortnight the kidney w'ill recover after removal of the obstruc¬ 
tion ; but if obstruction is maintained for three weeks the kidney 
atrophies, as its fellow hypertrophies, and there is no stimulus for the 
obstructed kidney to resume its function after release of the obstruction. 
If, however, at the time of release of the obstruction the other kidney 
is removed, the obstincted one responds to the needs of the body and 
resumes its full function. The conclusion drawn from the above 
experimental findings is that once the secretion of one kidney is seri¬ 
ously impaired the opposite one, provided it is healthy, undergoes 
hypertrophy and assumes the function of the obstructed kidney— 
“ renal counterbalance.” But what seems of even greater practical 
importance is the observation that once hypertrophy has occurred and 
increased function has been assumed the kidney retains it, and the 
obstructed or diseased kidney, its function impaired or lost, undergoes 
permanent atrophy; moreover it appears that obstruction affecting a 
kidney for more than a fortnight is likely to impair the function of that 
kidney. 

Experiment suggests that increase of pressure in the renal pelvis 
has a decided influence on the renal circulation, both arterial and 
venous. First, the veins are obstructed and the kidney is congested, 
and to compensate for this the arterial pressure rises. Finally, the 
arteries become compressed and are gradually obhterated.' This change 
occurs first at the cortex and extends progressively to the pelvis, When 
the blood flow through the glomeruli is slowed down, filtration diminishes 
and a smaller amount of urine is excreted. 

According to the findings of Morison the obstructed contents of a 
hydronephrosis do not pass into stasis, but by a process of interchange 
continue in a state of circulation. In the first two days of obstruction, 
the fluid in the hydronephrotic sac is absorbed by the lymph vessels of 
the ureter and the renal pelvis. Subsequently it is absorbed by the 
convoluted tubules of the peripheral glomeruli, and later, as these 
tubules undergo pressure atrophy, by the subjacent tubules. Formerly 
it was supposed that absorption occurred directly xnd the veins— 
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“ pyelo-venous backflow ”; but it is now known that this only occurs 
whra pressure within the renal pelvis is sufficient to injure the vein walls. 

Varieties of Hydronephrosis and Hydro-ureter 

Hydronephrosis and hydro-ureter may be congenital or acquired. 
In many cases there is an obvious cause of obstruction but in some it 
cannot be demonstrated. 

Congenital Hydronephrosis and Hydro-ureter. Congenital hydro¬ 
nephrosis may result in enormous dilatation of the kidney, and this 
may be bilateral, and is then usually incompatible with life. Hydro¬ 
nephrosis is sometimes found in association with congenital abnor¬ 
malities, such as horse-shoe kidney, unilateral fused kidney, and 
double ureter, and in the last example the hydronephrosis is frequently 
confined to the pelvis and calyces drained by one of the ureters. Con¬ 
genital abnormalities of the ureter, such as valvular folds of mucous 
membrane or stenosis of a segment, may be responsible for hydro¬ 
nephrosis. 

Congenital hydro-ureter is rare, it is nearly always bilateral and 
affects male subjects. It may become manifest in the first few days of 
life, because it is noticed the chUd passes little or no urine; but often 
the condition produces few effects until later childhood. The hydro¬ 
ureter is due to obstruction at the bladder neck in the posterior urethra, 
either from a disorder of the nemo-muscular mechanism controlling 
the urethro-vesical sphincter, or to a valvular fold of mucous membrane 
immediately distal to the orifices of the ejaculatory ducts. The ureters 
ar^ thin walled, enormously dilated and tortuous (the left usually 
greater than the right), while the kidneys are hardly affected at all, 
and in their normal colour and size form a striking contrast to the 
intestine-like renal pelves and ureters. The bladder is greatly hyper¬ 
trophied, and as a result of the paralytic state of the ureters reflux of 
urine occurs by gravitation or by contractions of the bladder. The 
disease may lead to dwarfism, chronic nephritis and delayed rickets. 
Death may occur from uremia or from pyelo-nephritis. 

Hydronephrosis and Hydro-ureter in Pregnancy. Dilatation of the 
ureters, and to a less extent of the renal pelvis is a normal occurrence 
in pregnancy. The dilatation usually affects the right ureter alone, 
and is always less on the left than on the right, possibly owing to the 
normal deflexion of the uterus to that side. Ureteral dilatation begins 
about the tenth week and increases progressively as pregnancy 
advances. 

Histological examination of the ureter in pregnancy shows that its 
muscle and fibrous tissue, especially in the lower portion, undergo 
hypertrophy, similar to that of the tissues of the uterus. When 
pri^pumcy is ended the ureter usually returns to normal, but in a few 
instanc es dilatation remains. 

cause of the ureteral dilatation in pregnancy has not been fully 
determined: pressure may be a contributory factor, but of greater 
tmp<^btance is neuroggoj^ jibidm^ at the low^ end of the ureter 
<ieiai||)arable to achalasia in oth«r organs. 
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The obstruction at the Icmer end of the ureter and the resulting 
sUsis of urine probably account for the frequency of baciUw coli infec¬ 
tion. Apart from infection, the tension within the dilated ureter may 
be responsible for attacks like renal colic, or, by its effects of increasing 
the vascular tension in the kidneys, for attacks of haematuria. 

Hydronephrosis and Hydro-ureter wi|li Obvious Cause of Obstruction. 
Obstructing .lesions which may give rise to unilateral hydronephrosis 
include stones in the kidney or ureter, stricture of the ureter, inflam¬ 
matory peri-ureteritis, and, rarely, tumours of the renal pelvis or of 
the ureter. Bilateral hydronephrosis may arise from urethral obstruc¬ 
tion due to stricture or to prostatic enlargement, from paraljrtic dilata¬ 
tion of the bladder, from long-continued prolapse of the uterus, or from 
inflammatory infiltration of the broad ligaments. A calculus in the 
renal pelvis may cause intermittent obstruction at the pelvi-ureteral 
junction, and this is especially apt to occur when the stone is of small 
size. Large branched calculi, on the other hand, are not usual in hydro¬ 
nephrosis. Calculi associated with hydroneplm>sis usually remain 
small, as their growth is retarded as a result of the diminished amount 
of crystal-forming material in the urine. 

Calculi in the ureter may lead to hydronephrosis if the calculus gives 
rise to sufficient obstruction to raise the tension in the renal pelvis. 
The first noticeable change is in the renal pelvis and the calyces, but 
later the ureter above the stone becomes dilated and may reach the 
diameter of the thumb. Even minute calculi may give rise to sufficient 
obstruction to cause hydronephrosis. 

Hydronephrosis and Hydro-ureter without Obvious Cause of Obstruc¬ 
tion. This form of hydronephrosis is usually unilateral. It is very 
rare in infancy and it is usually found in subjects between twenty and 
forty years, although it may be much later before it comes under notice. 
It generally develops insidiously, and it may reach large size without 
obvious effects. When the kidney is examined at operation no cause 
for the hydronephrosis can usually be discovered; such cases constitute 
the majority of examples of hydronephrosis, and receive the non¬ 
committal designation idiopathic hydronephrosis. It has been suggested 
that the underlying cause is long-continued faulty emptying of the 
renal pelvis due to inco-ordination of the neuro-muscular mechanism 
of the renal pelvis and the ureter. This explanation lacks full confirma¬ 
tion, but it seems to be the only one which accounts for the obstruction 
which precedes the dilatation. 

Unilateral hydro-ureter—^megalo-ureter—with or without hydro¬ 
nephrosis, is sometimes present without demonstrable cause. The whole 
ureter is usually dilated, accept the intra-vesical portion which is normal. 
The ureter is elongated and thick walled due to overgrowth of the cir¬ 
cular muscle coat. The condition is believed to be the counterpart of 
megacolon and is probably due to disturbance of the sympathetic 
i nn ervation of the distal end of the ureter resulting in exaggerated 
tonicity of the uretero-vesical sphincter. 

Aberrant Renal Vessels in relation to Hydtoneidirosis. Pressure 
caused by abnormal renal vessels has often been blain^ for the onset of 
hydronephrosis. At the hilum of the kidney the renal artery divides , 
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into three branches—two superior and one inferior. The inferior branch 
varies in its point of origin from the main stem; it may leave the 
parent vessel at any point between the aorta and the hilum of the 
kidney, or it may even come directly from the aorta.- When the inferior 
vessel is abnormally situated it is in more intimate contact with the 
renal pelvis or with the uretei^ and at'its point of contact with these 
stroctures there may be fibrous thickening around the vessel. Hydro- 



Fio. Hydroneplirosis. The renal pelvis is greatly dilated and the 

kidney is enlarged. On section, the calyces were found to be dilated, 
but to a relatively small degree, and a considerable amount of secretory 
tissue remained. The ureter is of small calibre. No cause for the 
hydronephrosis was found. An abnormally placed artery passed close 
to the pelvi-ureteral junction to reach the inferior extremity of the 
kidney. 

{Departmtia of Surgery, Vnivereity o Kdinburgh.) 

nephrosis is sometimes found in association with such an abnormal 
vessel, and it is difficult or impossible to say whether the vessel is 
responsible for obstruction or not. It seems most likely that the vessel 
is implicated only after the pelvis dilates. 

Abnormal Renal Mobility and Hydronephrosis. Abnormal mobility 
of the kidney has been suggested as a common cause of hydronephrosis 
on account of the intermittent ureteral obstruction to which it may 
give rise. Pyclographic examination has shown, however, that hydro- 
n^hrosis seldom develc^, .ev«^ in cases of long standing abnormal 
renal mobility. Experimeii^jlly, was unable to produce hydro- 

ne]dirosis in animals by S4qi^ting;,'w kidney and ureter from their 
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attachments, and hydronephrosis 
did not develop, even when the 
ureter was looped upon itself. 

Morbid Anatomy 

In the early stages of hydrone¬ 
phrosis the capacitj' of the pelvis 
of the kidney is increased but the 
kidney shows little change beyond 
slight flattening of the renal 
papillse. The early changes are 
.portrayed'' in a radiogram after 
injection of opaque media; the 
resulting pyelogram shows dilata¬ 
tion of the renal pelvis, broaden¬ 
ing of the major calyces and loss 
of the “ cupping ” of the minor 
calyces {see Fig. 260 ). 

As the renal pelvis dilates the 
pelvi-ureteral junction may no 
longer be situated at the lowest 
part of the pelvis, and a valve¬ 
like spur may develop between 
the dependent jjart of the pelvis and the ureter. 

The ultimate form assumed by the hydronephrosis depends upon 
the normal relationship of the renal pelvis to the kidney substance. 
When most of the renal pelvis is situated outside the kidney (extra- 
renal type), the pelvis, less resistant than the kidney, dilates from 
increased tension and forms a more or less spherical fibrous sac on 
which rests the remains of the kidney. The kidney atrophies progres¬ 
sively and may finally be unrecognizable. When tlie pelvis is mostly 
enveloped by the kidney (renal type), dilatation occurs within the 
kidney and the major and minor calyces gradually enlarge at the 
expense of the kidney substance, which becomes compressed and 
thinned out over their surface, so that a multiloculated sac, which 
retains the shape of the kidney, is formed. Intermediate types may 
occur, depending on anatomical variations in the relationship of the 
kidney to its pelvis. 

As a hydronephrotic kidney increases in size it does so in the direction 
of least resistance, therefore it projects towards the peritoneum, which 
forms an investment for its anterior surface. On the right side it tends 
to displace the hepatic flexure downwards and medially, but on the left 
side the splenic flexure maintains its attachment to the parietes. It is 
very exceptional for a hydronephrosis to exert harmful pressure on the 
abdominal organs. 

A hydronephrosis is said to be “ o pen ” when urine escapes from it 
and “ cl osed ! * when the outflow ceases. An open hydronephrosis is 
liable to b^me completely obstruole^ ftnm time to time. This 
may be determined by the intal^ '0fj.|arge dinughts of fluid and it 



Kkj. 260. Pyelogram of liglil-sidcd 
hydronephrosis. The pelvis and all 
the calyses are greatly dilated. Note 
the charaeteristic broadening and 
clubbing of the calyces. 
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inay give rise to attacks of pain in the loin and enlargement of the 
kidney. 

At cystoscopic examination it is often noted that the hydro- 
^.n^hrotic kidney secretes more copiously than the healthy one, as is 
evMenced by more frequent ureteral contractions, but the urine is 
n|p^s^ute. In more advanced cases the escape of urine may be very 
infi^iient, and when obstruction is absolute ureteral contractions 
cease. When a ureteral catheter is passed large quantities of urine 
are often withdrawn, and on injecting fluid into the renal pelvis its 
capacity mi^ be found to be greatly increased. In a large hydro¬ 
nephrosis the!^%(iu]ue fluid injected for diagnostic purposes may be so 
greatly diluted bjs the fluid contents of the sac that no shadow may be 
portrayed radi^l^phically. ' 

A hydronepl»Otic kidney on account of its size is more liable to 
injury than a nominal one. Spontaneous rupture is recorded. 


STRICTURE OF THE URETER 

Stenosis of the ureter may be of congenital origin or it may be an 
acquired condition due to pathological processes affecting its walls. 

Congenital stenosis is relatively uncommon, and autopsy examina¬ 
tion of 1,200 infants by Englisch (in Vienna) showed that it was present 
in 66 cases ; the stenosis was situated at the upper end of the ureter 
in 84, at the lower end in 28, and about the middle of the ureter in 3. 
The stenosis may be due to persistence of a valve or fold of mucous 
membrane or to narrowing of a segment of the ureter. Any part of 
the ureter may be affected, but the commonest situations for such 
abnormalities are at the upper end, at the entrance to the bladder 
and at the point at which the ureter enters the pelvis minor. The degree 
of ureteral obstruction is very variable, but in some it is sufficient to 
lead to hydroneplurosis. 

Acquired strictures of the ureter are very rare. They may result 
from cicatrization of an ulcer caused by an impacted calculus, from 
injury at operation, and from the infiltration of the ureteral wall by a 
malignant tumour of the colon or of the female pelvic organs. Occa¬ 
sionally ureteral strictures are found in association with long-standing 
infection of the lower urinary tract, especially in association with 
urethral stricture. Strictures of the ureter have been observed 
after childbirth (so-called puerperal strictures). They are commonest 
on the right side and in the pelvic portion of the ureter near 
its termination in the bladder. They are believed to result from 
injury to the wall of the ureter in parturition, with subsequent 
repair by scar tissue. The hydro-ureter of pregnancy predisposes 
to their fonnation (sfie p. 614). 

The ureter at the site of a stricture is indurated by scar 
tissue. Usually all coats are involved and the muscle is re¬ 
placed by fibrous tissue. Periureteral fibrosis may fix the 
ureter to the peritoneui9i< The lumen of the ureter at the stric- 
f^Ufe is reduced and its ejuthelitma is often of a squamous character. 
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The ureter above the stricture is 
dilated and slightly hypertrophied 
and may be tortuous. Stricture of 
the ureter tends to cause obstruc¬ 
tion of urinary outflow and hydro¬ 
nephrosis, and the stagnation of 
urine renders - the kidney more 
vulnerable to infection, especially 
by Bacillus coli, so that pyelitis is 
a common complication. 

Ureterocele. Ureterocele or 
ballooning of the intravesical 
' portion of the meter into the 
ladder is a rare condition. The 
most important predisposing^ 
cause is narrowing of the ureteral 
orifice of either congenital or 
acquired origin. The prolapse 
may lead to interference with 
renal drainage. In the advanced 
stages the ureterocele sac may be 
very large and may cause blockage 
of the urethra during micturition. 
In women it may traverse the 
urethra and present at the vtdva 
and give rise to incontinence. 


PYOGENIC INFECTION OF 
THE KIDNEYS 

The principal pyogenic infec¬ 
tions of the kidney of surgical 
importance are: (1) Pyelitis, in 
which the inflammation is chiefly 
restricted to the mucous membrane 
of the renal pelvis. (2) Pyeloneph¬ 
ritis, in which the inflammation 
involves both the renal pelvis and 
the parenchyma of the kidney. 
(8) Pyonephrosis, in which there 
is an added factor of obstruction 
to the outflow of urine, and 
(4) Hematogenous suppurative 
nephritis. 

PyeUtis 

This is a common infection. It 
affects women far more often than 
men, andTlT is especially common 



Fio. 261. Hydroaephrosis and hydro¬ 
meter due to a flbroui stricture at the 
lower eud of the ureter. , 


(Bp Mwtetr tfOUbU* Mr, D, S, MtddhUm,) 
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m a complication of pregnancy. In the great majority of cases it 
ailfe^ the right kidney. 

Pyelitis may arise acutely and after a short period may undergo 
resolution, or it may arise insidiously and pursue a chronic course. 

Acute I^elitis is often sudden in onset and may be accompanied 
by severe constitutional disturbance with high temperature, rigors and 
vomiting. Since the urine is highly acid it may give rise to scalding 
pain on micturition. 

The pathological state is not fully understood, since for obvious 
reasons the opportunity rarely offers of examining a kidney in a state 
of simple pyelitis. It is presumed, however, that there is an inflam¬ 
matory reaction which is mainly evident in the mucous membrane of 
the renal pelvis. Probably in all cases the renal parenchyma shares, to a 
limited extent, in the pathological changes. 

Chronic pyelitis may arise insidiously or may occur as a sequel to 
acute pyelitis. It is a common condition, and may be responsible for 
much chronic disability associated with pain over the affected kidney 
and frequency of micturitioi». The pathological changes are those of a 
chronic inflammation. The mucous membrane of t^e renal pelvis is 
thickened and somewhat jialc in colour, or in some cases it is thin and 
atrophic. The muscle coat of the renal pelvis and ureter is atrophic, 
and this change may lead to mild degrees of hydronephrosis, sometimes 
accompanied by dilatation of the ureter. 

In some cases in response to the chronic irritation the mucous 
membrane of the renal pelvis undergoes proliferative changes and 
assumes a squamous-ccll character —leukoplakia of the renal pelvis. 
This change, which is distinctly rare, has sometimes been found in 
kidneys containing calculi, presumably the result of the clironic irrita¬ 
tion. Leukoplakia of the renal pelvis is regarded by some as a pre- 
eaucerous lesion. 

etiology of Pyelitis. The infecting organism in pyelitis is generally 
a coliform bacillus, but the factors that determine its localization in the 
lenal pelvis are not yet definitely established. It is well known that 
an apparently healthy kidney may allow organisms to pass from the 
blood stream into the urine, and it is established that B. coli is often 
“ excreted ” in this way. It seems probable, therefore, that in pyelitis 
the infection is haematogenous, and that the determining factor is some 
local lesion which renders the renal pelvis unduly susceptible. 
Occasionally there is some obvious local lesion such as a stone or a 
Inalformation of the kidney. In pregnancy pressure upon the right 
ureter by the enlarging uterus, or hydro-ureter from other causes 
{see p. 614), may, as a result of urinary stasis, predispose to 
pyelitis. 

Whilst the view generally held is that given above, it must be 
a^dmitted as a^ossibility that the organisms are derived from the colon 

reach the kidney directly or by way of the lymph vess'els.jji Such a 
Ihwry would also explain the frequency of pyelitis in women, who are 
especially liable to colon sepsis, and in the right kidney, which lies so 
db^ly related to the proximal cdon. 
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Pyelonephritis 

Here the infection attacks the renal parenchyma as well as the 
mucous membrane of the pelvis. The disease may be unilateral or 
bilateral, depending upon its manner of causation, and, in either case, 
it is considerably more serious than pyelitis. Clinically, it is associateil 
with a high l:emperature, rigors, and great toxiemia ; and often it leads 
to uraemia and ends fatally. 

The kidney becomes swollen, engorged with blood and of a purple 
colour. At first, the inflammatory change is most obvious in the mucous 
membrane of the pelvis and calyces, which are intensely hypera^mic and 
eedematous. Later, small abscesses appear in the parenchyma of the 
kidney, first near one extremity of the organ, later in other parts. 

' Extending from the pelvis to the cortex there arc numerous faint 
greyish-yellow streaks of suppuration which mark the spread of infec¬ 
tion between the tubules of the medulla towards the capsule. Lalcr, 
the abscesses increase in size and may become confluent or open at the 
renal pelvis, or they may spread towards the surface of the kidney and 
lead to suppuration in the perinephric tissues. 

^Etiology. The infecting organisms in pyelonephritis are generally 
mixed. Coliform bacilli are often present along with staphylococci, 
streptococci, and sometimes B. proteus and other organisms." Tn some 
cases the infection appears to be ha;matoger>ous, and its onset may be 
determined by pre-existing disease of the kidney, for example, by 
nephrolithiasis or a tumour. In such circumstances pyelonephritis may 
be unilateral, though it is very apt to become bilateral. In the majority 
of cases, however, the infection is derived frt>m the lower urinary tract, 
whence it reaches the kidney, along the ureter or. more probably, 
by way of the peri-ureteral lymph vessels. This ascending type 
of infection generally follows septic cystitis {consecutive suppurative 
nephritis), and is especially apt to occur when there is an obstruction 
to the outflow of urine, for example, by enlargement oi‘ the prostate or 
by stricture of the urethra. Such an obstruction affects both kidneys, 
and consequently pyelonephritis of this type is generally bilateral. The 
ascending infection is especially apt to follow operations on the bladder, 
even the passage of instruments. i 

Pyonephrosis 

In this condition there is an infection of the kidney and renal pelvis, 
and, in addition, a partial or complete obstruction to the outflow of 
urine. Pyonephrosis is to be distinguished from infection of a pre¬ 
existing hydronephrosis, though in the later stages the two conditions 
are somewhat similar. 

The infection in pyonephrosis is generally mixed. Coliforrn bacilli 
usually predominate, and give the pus a characteristic; odour, and 
staphylococci, streptococci and B. proteus are often present. 

The obstructing agent usually is a stone ,(calculous pyonephrosis) or 
less often a tumour of the kidney or renal pelvis. The stone is often of 
large size, filling the renal pelvis. In other cases a small stone is respon¬ 
sible, by obstructing the ureter or the pelvi-ureteral junction. Occa- 
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sionally a stone obstructing one of the major calyces gives rise to 
pyonephrosis limited to one part of the kidney. 

As a result of the infection the mucous membrane of the pelvis imd 
calyces becomes inflamed and ulcerated. The parenchyma of the 
kidney becomes thinned by pressure and necrosis. Such parenchyma 
as remains is infiltrated by inflammatory products and often riddled 
' with small abscesses. The pelvis and calyces are greatly dilated, and 
contain pus mixed with alkaline, ammoniacal urine. Often there are 
secondary phosphate concretions. 

The renal pelvis is generally dilated, but rarely to the same extent as 
in hydronephrosis, for the thick, inflamed wall resists distension. 

Usually the obstruction to the outflow from the kidney is not 
complete, and consequently the urine contains qiiantities of pus and is 
generally foul smelling. Complete obstruction may supervene, however, 

, and then the pyuria becomes less obvious, and coincidently the kidney 
becomes larger and more tender, and the constitutional effects become 
aggravated. 

Haematogenous Suppurative Nephritis 

In sejgticffimia and in pyasraia multiple small abscesses may develop 
in the “kidney. They vary in size from a pin’s head to a cherry. They 
are usually situated in the renal cortex. 

^taphylococcal infection of the kidney is an occasional complication 
of such lesions as furunculosis, carbuncle and osteomyelitis. It occurs 
in adults and is nearly always ui^lateral, and, in a number of cases, is 
preceded by trauma to the kidney. The resulting lesion may take the 
form of an acute abscess in the cortex, but more often the suppurative 
process is subacute and is associated with multiple areas of necrosis— 
which if a^egated form the carbuncle of the kidney. In the early 
stages there are multiple opaque foci in one part of the cortex, later 
these may fuse and give rise to a localized enlargement of the kidney. 
A perinephric abscess results from the outward extension of the suppura* 
tive process, but eruption into the renal pelvis is exceptional. 

This form of renal infection pursues a subacute cotu-se; it is attended 
by riji^rs, sweating, and pain in the loin, and there may be considerable 
emaciation. Urinary symptoms are generally absent, and as the 
inflammatory process begins in the cortex of the kidney and remains 
confined to it, pus and organisms are not found in the urine. A peri¬ 
nephric abscess may be the most obvious feature and then ttie renal 
origin of the infection is often overlooked or it is not suspected. 


; TUBERCULOSIS OF THE URINARY TRACT 

Tuberculous infection of the urinary tract is a local manifestation 
in a tuberot ^Us s ubject, the result of a systemic infection. The primary 
»urce'onS@®tot which may be active or quiescent, is either in the 
pmg or less often gland. Evidence, or a history of tuberculous 

dsevrhoe is l^bcoming in at least 75% of cases, and, in the 
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m^e sex, genital tuberculosis affecting the epididyiuis is present with 
^luiderable frequency. 

The primaiy lesion in the urinary tract is almost invariably situated 
in one kidney, and since there is usually no evidence of hematogenous 
infection in other organs, it is generally presumed to be due to a solitary 
embolus of tubercle bacilli set free in the blood stream. It seems 
possible, however, that, in some cases at least, the renal lesion is due to 
the lighting-up of a latent miliary focus. 

Once established in the kidney, the disease tends to spread through¬ 
out the urinary tract, and eventually, if unchecked, involves the ureter, 
the bladder, and the remaining kidney. The mode of spread of tuber¬ 
culosis in the urinary tract has been the subject of much speculation. 
,It seems almost certain that the disease spreads from the kidney down 
the ureter to the bladder by direct continuity of tissue along the mucous 
membrane, and also in the peri-ureteral lymph vessels. It has been 
suggested that the bladder may be infected by organisms carried down 
in the urine, but this seems unlikely. The remaining kidney may be 
involved by further hsematogenous infection, or by infection ascending 
from the bladder. Such an ascending infection may be conceived to 
occur by direct spread along the mucous membrane of the ureter, by 
way of the peri-ureteral lymphatics, or possibly even as a result of 
regurgitation of infected urine from the contracted bladder. In most 
cases it seems likely that spread by continuity of tissue is responsible. 

Tuberculosis of the Kidney 

Excluding acute miliary lesions, renal tuberculosis takes a chronic 
course. Although hsematogenous, it is almost always confined at first 
to one kidney, and probably in about 80% it remains unilateral for 
several months, or even years. 

The earliest focus lies in the cortex, near one or other e^j^tremity of 
the kidney, rarely at its mid-part. By extension and ulceration the 
disease reaches the mucous membrane of a neighbouring calyx, whence 
it spreads to other parts of the renal pelvis. The renal parenchyma is 
invaded by tubercles, at first discrete, later confluent, and eventually 
the capsule is reached. Occasionally a cold abscess develops in tlic 
perinephric fat. 

It is important to recognize that all the early changes occur prin¬ 
cipally within the substance of the kidney and that the disease may 
be advanced before there are notable changes in the urine or other 
pathological evidence of significance. 

Ctos$ Appearance. In most cases the kidney is widely involved. 
The perinephric fat is cedematous, matted and adherent, so that the 
kidney is exposed with some difficulty. There may be tiny tubercles 
under the capsule or the surface may be raised in large nodular 
protuberances, while the kidney feels indurated or soft and perhaps 
fluctuant. , ,, 

On section of the extirpated kidney, the extent^jNpf the disease 
is seen to vary in different parts, being usually most advanced near 
the'renal pelvis at one extremity {see Fig. 282). The pelvis is usually 
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ulcerated, and its wall replaced by granulation tissue. When the 
disease is extensive the parenehjTOa is partly replaced by cavities, 
which are lined by caseous matter and granulation tissue and contain 
thick white pus. Extending towards the cortex are yellow lines which 
indicate secondary pathways of extension, and scattered throughout 
the kidney there may be many discrete tubercles. 

The wall of the ureter 



may be thick, infiltrated 
with tubercles, and 
fibrotic, its epithelial sur¬ 
face ulcerated and rough. 
The lumen of the ureter 
is sometimes obliterated 
by fibrosis, but often is 
dilated, forming a thick- 
walled, irregularly 
tortuous tube. 

Special Types of 
Lesion. In typical cases 
the progress of the 
disease is as described 
above, and the lesion 
may be designated 
tvheretdous pyelonephritis 
{see Fig. 262). In other 
cases the progress is 
modified and other types 
of lesion may be re¬ 
cognized. If the ureter 
should become complete¬ 
ly obstructed, and the 
disease is of mild type, 
the pelvis and calyces 
become dilated with 


Fio. 202. Tuberculosis of the kidiu-y. The kidney 
is greatly enlarged. There are several cavities 
lined with tuberculous granulation tissue, com¬ 
municating with the renal pelvis, and all the 
calyces are affected by the ulcerative process. 
Numerous small tubercles are seen in the cortex 


turbid watery fluid— 
ivherculous hydronephro¬ 
sis. Sometimes a slow 
caseous process spreads 
through the entire kid- 


and medulla, and in the mucous membrane of ney, which becomes a 
the renal pel^. functionless multilocular 

sac completely filled with 
solid cheesy, material— ivbercrdous pyonephrosis or caseous kidney {see 
Fig. 268). (in these cases the ureter is often occluded, but since all 


secreting tissue is already destroyed the pelvis is not dilated but remains 


small.,. At this stage the disease not uncommonly becomes arrested, 
bacilli disappear from the urine and the symptoms subside. Such 


a sequestrated caseous mass often undergoes partial calcification, and 
on radiography casts a d^ise, lrf%gularly mottled shadow. 

Sigidficance of ** Tobei^oiis BadUuria.’* It has often been 
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observed in the course of progressive tuberculosis of any part of 
the body that the urine contains tubercle bacilli, yet the kidney, 
subsequently examined at autopsy, appears unaffected, henee it has 
been inferred that the kidney may 
excrete tubercle bacilli, yet remain 
free from disease. The accuracy 
of this observation, however, has 
been rendered very doubtful by the 
extensive researches of Medlar, who 
showed that by careful search 
tubercles are always to be found in 
such kidneys, though sometimes 
only after prolonged examination 
of serial sections. 

Nevertheless, the fact remains 
that the presence of bacilli in the 
urine is quite consistent with the 
absence of any gross lesion; an 
observation that emphasizes the 
difficulty of basing diagnosis solely 
on urinary examination. 

Tuberculosis of the Bladder 

Usually the bladder is infected 
from the kidney and ureter, less 
often from the seminal vesicles or 
the prostate. 

When derived from the kidney, 
the vesical infection begins at the 
corresponding ureteral orifice, and 
spreads thence over the trigone, 
and ultimately to the fundus. The 
earliest sign is oedema of the lips of 
the ureteral orifice; in a short time 
this area becomes congested, and 
later small ulcers appear, which 
are shallow and haemorrhagic, with 
adherent tags of blood clot and pus; eventually tubercles may be 
recognizable, though this is rare. Since the muscle of the ureteral 
wall is extensively involved it fails to contract during the passage of 
urine, and consequently one of the early signs visible on (•ystoscoj)y is 
the cessation of the normal rhythmical contraction and parting of 
the lips of the orifice. Later, cicatricial contraction of the ureter 
causes retraction of the corresponding corner of the trigone, and the 
orifice forms a gaping circular pit—^the so-called golf-hole ureter. 

As the disease progresses, the bladder wall becomes infiltrated with 
inflammatory exudate and cells ; it becomes thickened, contracted and 
inelastic, and its capacity is reduced from the normal of 800 c.cm. to as 
low as 50 c.cm. As a secondary effect, a certain degree of “ back pres¬ 
sure ” may develop, and may lead to hydronephrosis. This complica- 



ZG8. (^iiscous tuberculosis of the 
kidney (tuberculous pyonephrosis). 
The renal pelvis is small and the 
ureter is occluded. The entire 
secretory tissue is replaced by lar^e 
cavities containing caseous material. 

(DepartmerU of Suryety, VniversUy of Sdinburyh.) 
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tion, alfecting the function of the second kidney, is naturally of serious 
import. 


TUMOURS OF THE KIDNEY 

Malignant tumours of the kidney belong to two principal classes : 
(1) the adenocarcinoma or hypernephroma, a tumour affecting adults 
and arising in the renal parenchyma; (2) the adenosarooma (mixed 
or embryonic tumour) of infants and young children. 

Tumours arise also from the epithelial lining of the renal pelvis 
{see p. 681). 


Adenocarcinoma; Hypernephroma 

Practically all malignant epithelial tumours arising in the renal 
parenchyma conform closely to one general type, of striking appearance, 
characteristic morphologj^, and uniform behaviour. They are bulky, 
irregularly lobulated tumours, which may be .firm, solid and of grey 
or yellow colour, but often undergo softening, cyst formation, and 
■discoloration by extravasated blood. They invade the kidney substance 
gradually, and show a great tendency to metastasize by the blood 
stream. 

In the past, attempts have been made to distinguish in this group 
two varieties— hypernephroma^ of adrenal origin, and adenocarcinoma, 
derived from the tubules of the kidney. The distinction has 
been made principally upon histological grounds, according as the 
tumour resembles the adrenal cortex or contains tubules and papillae 
more suggestive of a renal origin. It seems probable, however, that this 
distinction has little foundation and should be discarded. Variations 
undoubtedly occiu* in different tumours, but they are variations of 
degree, and often the same tumour varies in different parts. The 
question is one of histology, and most histologists now follow Nicholson 
in regarding the tumours as renal adenocarcinoma {see also p. 628). 

Tumours of this class affect men more often than women, usually 
between the ages of thirty and fifty years. They arise in the cortex 
and adjacent parts of the medulla, or rarely in one of the pyramids ; 
commonly at one extremity of the kidney, especially the upper 
one. At first the tumour is circumscribed and rounded, lying entu^y 
within the renal parenchyma. With increase in size it encroaches 
upon and ulcerates into the calyces of the renal pelvis, and dissemi¬ 
nates to distant sites. The unaffected portion of the kidney, dwarfed 
by comparison, is perched upon the tumour; and the renal pelvis and 
calyces are deformed or obliterated {see Fig. 264). The tumour has an 
imperfect capsule of condensed renal tissue, and broad fibrous trabe- 
Guiie subdivide it into numerous lobules. Near its centre the tumour 
is often solid, of firm consistence and bright yellow colour. Around this 
^c^tral core the tumour is partly solid, partly excavated by cyst-like 
spaces, sonie of which uPs.; bright yellow, whilst others are discoloured 
to various shad^ of orange iAikd red. 

. iflikxotcopic Appearance,, This V|iies somewhat in different tumours 
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and in different parts of the same tumour, but the general picture is a 
fairly characteristic one. The cells superficially resemble those of the 
adrenal cortex, being cuboidal or columnar, though often modified in 
shape by mutual pressure. Their nuclei are small, rounded and deeply 
stained; their cytoplasm is abundant and either clear or slightly 
granular. In the fresh state, before being subjected to fat solvents, the 



Fio. 264. Adenocarcinoma (hypernephroma) of the kidney. The tumour 
occupies the lower pole of the kidney and projects into the renal pelvis. 
There are numerous small cysts ana areas of necrosis and hwmorrhagfe. 

iDepartment of Surgery, Untverrity of SdinSurgh.) 

cells are filled with a soluble material containing glycogen, cholesterol, 
and fats. They are disposed in sheets or in long coliunns, or in solid 
masses, bounded by delicate trabeculae or connective tissue. The 
columns of cells are intimately related to blood vessels, which are large 
and thin-walled. Generally, the cellular masses are solid, with no 
visible acini, but sometimes there ^ irregular spaces, tubular clefts 
or papillary formations. 
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Spread of the Tumour. The tumour progresses slowly at first, 
but finally it encroaches upon the calyces of the renal pelvis, and 
leads to ha;maturia. The quantity of blood lost is often consider¬ 
able and clots may form in the renal pelvis, causing colicky pains 
during their descent within the ureter. 

Tumours of the kidney have a remarkable tendency to spread along 
the lumen of the renal vein, which is sometimes choked by tumour 
tissue, and the growth may extend by continuity, even into the heart 
and lungs. Rarely a mass in the left renal vein obstructs the 
testicular vein and leads to a certain degree of varicocele and to 

pain in the testis. 



Fiu. 2a.’>. Adenocarcinoma (liy|>ernephroma) of the 
kidney, x 110. The tumour is con>i)oscd of solid 
masses of cells, witli small, deeply staining nuclei 
and abundant clear protoplasm. Note the large 
thin-wallcd blood space. 

{Lahoratory of Royal CoUegr of RhyHcians of Edinburgh.) 


Distant metastases 
develop most often in 
the lungs and in bones. 
Pain in the chest or 
hajmoptysis, or a 
pathological fracture 
due to a bone meta¬ 
stasis, may be the first 
indication of the malig¬ 
nant process. Not 
infrequently a single 
metastasis appears at 
a moderately early 
stage of the disease, 
some time before 
general dissemination 
occurs. 

Nature of the 
Tumour. The nature 
of the tumour has been 
a much debated sub¬ 
ject. Until compara¬ 
tively recent years the 
field has been held 


by the theory of von Grawitz, who considered that the tumour is 


of adrenal origin—a hyi)ernephroma—and that it arises from displaced 
imrtions of adrenal tissue within the substance of the kidney. This 
theory is based upon two principal considerations; (1) that “rests” 
of adrenal tissue are present sometimes under the capsule or in the 
cortex of the kidney, (2) that tumours of. this type closely resemble 
adrenal tissue in their gross appearance, in their architecture, and in 
the characteristics of their individual cells. 


Von Grawitz’s theory has been assailed on numerou.s occasions, and 
Nicholson, in a masterly review of the whole subject, brought convincing 
evidence against it, which may be summarized as follows : (1) adrenal 
rests are not confined to the kidneys, but occur often in the broad 
ligaments, in the retroperitoneal tissues, and elsewhere, whereas 
“ hypernephromata ” are almost invariably intrarenal; (2) the architec¬ 
ture of these tumours is no indication of their origin, but results from 
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the mutual pressure of swollen hydropic cells ; (8) the individual cells 
—with their content of glycogen and fat—though very like adrenal cells 
are not unlike cells in other situations; (4) true tumours of adrenal 
cortex, arising in the adrenal gland, almost always have a very obvious 
effect upon the secondary sexual characteristics, and lead to sexual 
precocity with virilism, whereas no such biological action has been 
observed in assdciation with such a tumour in the kidney. 

As a compromise between these opposing views, many attempts 
have been made to identify different types of tumour, some of adrenal, 
others of renal origin, but such a sulxlivision, as has already bet'U 
pointed out, is beset by many diiriculties, and has not been widely 
adopted. At present 
general opinion favours 
the view expressed by 
Nicholson, that the 
tumour is an adeno¬ 
carcinoma derived from 
cells of the renal 
tubules. 

Renal Adenosarcoma 

(Nephroblastoma; 

Embryoma) 

This rare tumour 
occurs in childhood, 
practically never after 
the seventh year. It 
forms a rounded or 
nodular mass, which 
may attain great size, 
replacing the entire 
kidney, displacing the 
viscera and expanding 
the whole abdomen. 

The tumour arises 
in the substance of the 
kidney and is of bluish-white or pale grey colour. The blood supply 
is poor, with scanty thin-walled vessels, and consequently the tumour 
is liable to undergo necrosis with haemorrhages, zones of softening, 
and the formation of cyst-like cavities. 

The tumour is not encapsulcd, and it invades the renal paren¬ 
chyma and destroys it, so that in the later stages little trace of normal 
tubules may remain. The ureter, when traced upwards, merges into 
the tumour mass. The renal pelvis is compressed and obliterated but 
its cavity is not actually invaded, and consequently haimaturia and 
other evidence of a urinary disorder are frequently lacking. 

The tumour spreads by direct invasion of adjacent structures to 
the peritoneum, omentum, and retroperitoneal tissues. Occasionally 
secondary deposits appear in the opposite kidney, in the lungs or 
other viscera. 



Fio. Aciciiocarcinoum (liypcrtK'phKuiiti) «»f 

the kidney. X 450. Tiio tumour is composed of 
solid masses of large rounded cells, with small 
nuclei and very clear pnitoplasm. On the left is 
a thin-walled blood vessel. 

(Laboratory of Royal College of Phyeiruine of Rdinbargh.) 
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The microscopic structure is that of a mixed tumour in which 
sarcomatous elements preponderate. The greater part of the tumour 

is made up of round 
or spindle-shaped cells, 
lying in a scanty 
delicate matrix, but in 
places there are gland* 
like collections of 
columnar or cubical 
cells, arranged in ir¬ 
regular acini, and oc¬ 
casionally , there are 
islands of cartilage and 
of plain muscle fibres. 

The origin of the 
tumour is not clear. 
It is generally accepted 
that the tumour is 
derived entirely from 
mesoderm, from some 
misplaced embryonic 
rudiment. Some 
authorities have as¬ 
cribed it to vestiges of 
the mesonephros or of 
the metanephros, but 
its structure suggests an even earlier origin. According to Wilms, it 
is derived from misplaced portions of a myotome, or primitive body 
segment, which normally gives rise to a whole excretory apparatus. 


^ ‘ 'J,-' - • 




Fio. 267. Nephroblastoma, x ISO. Columnar-cell 
acini are set in a struma of spindle cells. 

{By eourteiy of Prof. J. W, S. Bla^look.) 


Other Tumours of the Kidney 

\ Sarcoma of the kidney is extremely rare; it presents no special 
features differing from sarcoma elsewhere. 

Simple tumours of the kidney are relatively common, though rarely 
of any clinical significance. Lipoma, fibroma and angioma have been 
described. Adenoma occuis, usually m adults and in small granular 
cirrhotic kidneys. Microscopically, it reproduces the structure of the 
renal tubules. It usually forms small, encapsuled, pale yellow tumours, 
but occasionally grows to considerable size. 


TUMOURS OP THE RENAL PELVIS 

Tumo;urs of the renal pelvis are far less common than kidney 
tumours,' and they differ firom them in appeara-nce, structure and 
behaviour. The renal pelvis, derivM from a diverticulum of the Wolffian 
duct, is related more closely to the bladda: than to the kidney; and in 
many respects its tumours resemble vesical tumours. 

YytKf main varieties of tumour arise in the renal pelvis, angioma and 
. ef^h^elial tumour. 
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Angioma. Angioma is a benign tumour of rare occurrence, with the 
pathological features of angioma in other parts of the body (see p. 285). 
It arises most often in relation to one of the renal jjyramids, and is of 
small size, rarely larger than a pea. It is of surgical importance on 
account of its tendency to ulcerate and cause hamaturia. 

Epithelial Tumours. Epithelial tumours are of greater importance. 
They arise froin the transitional epithelium and have the characters of 
a papilloma or carcinoma. For convenience of description three forms 
are recognized : (1) papilloma, (2) papillary carcinoma, (3) epidermoid 
carcinoma. It should be understood, however, that, just as in the 
corresponding tumours of the bladder, there is no clear distinction 
between the different types, and intermediate forms may be recognized 



Fig. 268. Papillary carcinoma of the renal pelvis. The tumour is composed 
of rounded with h 3 rperchromatic nuclei, supported on delicate 
strands of connective tissue. There is a deiinite papillomatous arrange* 
ment. 

(DepartmetU of Surgery, Unineretly of Edinburgh.) 


in continuous gradation between the simple papilloma and the malig¬ 
nant carcinoma. A tumour may be of simple appearance in one part, 
malignant in another.' Moreover, a tumour of long duration and there¬ 
fore presumably simple at first may later undergo malignant change. 
This change is most apt to develop in middle-aged or elderly subjects. 

Papilloma. A papillopia is composed of delicate branching pro<»sses 
of connective tissue surmounted by transitional epithelium. It projects 
into the renal pelvis and tends to be pedunculated. When so situated as 
to cause partial obstruction of the ureter it gives rise to hydronephrosis. 
The tumour is very vascular and bleeds readily, leading to profuse and 
usually painless heematuria. A striking characteristic of the tumour is 
a tendency to disseminate to the ureter and even to the bladder, giving 
rise to daughter tumours similar in appearance to the pArent growth. 
In such cases there is sometimes no demonstrable continuity between 
the primary and secondary tumours, and it is generally supposed that 
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the dissemination results from the implantation of tumour cells carried 
in the urine. 

Papillary Carcinoma. A papillary carcinoma is more common tlwn 
a simple papilloma in the renal pelvis. It is a bulky growth, which 
projects into the cavity of the renal pelvis and, in addition, infiltrates 
its wall. On the surface the growth may be covered with delicate 
vascular processes, but in the deeper part it is solid and sessile. The 
tumour infiltrates slowly and may invade the renal parenchyma. For a 
considerable time it may remain limited within the capsule of the 



Fiu. 2(>U. Epidermoid cancer of the renal pelvis invading the kidney. 
Removed from a woman aged seventy-four years. 

{Department of Surgery, Univeretty of Edinburgh.) 


kidney and ureter, but eventually it tends to transgress this boundary 
and to involve the perirenal tissues. Ultinyitely, it may metastasize 
to the regional lymph glands and to the viscera. 

A papillary carcinoma is very apt to obstruct the ureter and to 
give rise to hydronephrosis. The tumour may spread by implantation 
OT by surface extension to any part of the hydronephrotic sac, so that 
finally the kidney may be represented by a thin shell of parenchyma 
enclosing a cavity occupied by the cauliflower-like growth. Infection 
by blood-borne organisms may occur. 

Epidermoid Carcinoma. An epidermoid carcinoma is not entirely 
d^tinct from papillary carcinoma, and commonly a single specimen 
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presents combined features. As the title epidermoid indicates, it has 
many of the characters of a squamous-cell carcinoma (epithelioma). 
Typically, an epidermoid tumour tends to be flat, sessile and infiltrating, 
and it invades the perirenal tissues and metastasizes to lymph glands. 
Microscopically, the striking feature is the })respnce of squamoiis 
cells arranged in alveolar formation, somewhat as in skin carcinoma 
but lacking the cell nests so frequently found in that tumour. The 
occurrence. of squainpus cells in tumours derived Iroin transitional 
epithelium is an interesting histological peculiarity, which is generaliy 



I'ld. am. Epidermoid cancer of the renal pelvis. Solid colunins of 
malignant epithelial cells are invading the medulla of the kidney. 

(Department of Surgery, Vnivereity of Bdinlnirgh.) 

presumed to result from a pre-existing leukoplakia of the renal pelvis 
{see p. 620). In about 50 % of the cases 
arisen as a complication of renal calculus. 

TUMOURS OF THE URETER 

Primary tumours of the ureter are exceptionally rare. In general 
they resemble the epithelial tumours of the renal pelvis, and papilloma, 
papillary carcinoma and epidermoid carcinoma are recognized. They 
may be responsible for intermittent or persistent hsematuria and may 
lead to hydronephrosis. 

Secondary tumours of the ureter are more common. The ureter is 
invaded frequently by tumours of the cervix uteri, colon, bladder or 
prostate, or by metastatic growths in the retroperitoneal or pelvic 
lymph glands. Occasionally the ureter becomes the seat of secondary 
graphs from tumours of the renal pelvis. 

URINARY CALCULUS 

This is an age-old disease, and its history goes back to the earliest 
periods of civilization. Urinary stones were known to the ancient 
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Egyptians, and have been found in mummies several thousand years 
old, and the operation of “ cutting for stone ” was practised several 
centuries before the Christian era. It would appear that at present the 
incidence of stone in the bladder is steadily decreasing, and in Britain 
this condition is much less prevalent now than during last century. 
The frequency of stone in the kidney and ureter, on the other hand, has 
shown an apparent increase, which is doubtless accounted for by 
improved methods of diagnosis. 

Mode of Formation of Calculi. The urine contains a number of 
crystalline substances, which are held in heavily supersaturated solution 
through the protective action of colloids, such as mucin and chondroitin- 
sulphuric-acid. Under certain circumstances the crystalloids are 
precipitated, and if at the same time the colloids become modified, 
losing their solvent action and acquiring a kind of adhesive property, 
the precipitated crystals are bound together to form stones. 

Thus it may be stated as a general principle that urinary stones are 
composed of crystalloid particles bound together by colloids. The two 
elements, crystalloid and colloid, are equally essential, for crystalloids 
alone, when precipitated, pass freely to the exterior, and for calculus- 
formation the adhesive properties of colloids are required. 

The solution of both crystalloids and colloids is influenced to a large 
extent by the hydrogen-ion concentration of the urine. It seems likely 
that variations in tliis reaction play an important part in the formation 
of urinary calculi. 

It is thus evident that the formation of calculi may result from an 
increase in the crystalloids excreted in the urine, from diminution, 
qualitative or quantitative, in the supporting, colloids, or from an 
alteration in the hydrogen-ion concentration. Doubtless in many 
cases all these factors play a part. 

Formerly it was thought that a diet rich in oxalates was responsible 
for the formation of oxalate stones, whilst one rich in purines was 
responsible for uric acid and urate stones. The present tendency, how¬ 
ever, is against this view, for whilst undoubtedly a diet of oxalate-rich 
foodstuffs predisposes to the passage of oxalate crystals (uxaluria) it 
does not seem to lead to stone formation. 

An increase in the blood calciiim, with a consequent increased output 
of calcium in the urine, is one of the most important predisposing 
factors. In some cases a deficiency of phosphorus by altering the 
calcium-phosphorus ratio has a similar effect. 

The increased blood calcium may be due to exc^sive intake of 
calcium or lack of phosphorus in the diet; probably the geographical 
incidence of urinary calculus is due in part to a local excess of calcium 
in the water and soil. Or the increased blood-calcium may be due to an 
increased absorption of calcium from the intestines, the diet being 
normal; such increased absorption may be influenced by excessive 
administration of vitamin D. Thirdly, the increased blood calcium may 
be a result of withdrawal of calcium from the skeleton. This is seen in 
its most sovm'e form in osteitis fibrosa, in which as a result of para- 
thynnfi ovi^wEstion the whole skeleton is decalcified. In this condition 
calciilus ,as a common eomplication. A similar withdrawal of 
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calciiun from the skeleton is seen to a smaller extent in any chronic bone 
affection and even as a result of prdlonged decubitus. Thus urinary 
calculus is a not uncommon complication in tuberculosis of bones and 
joints treated by prolonged recumbency. It may even follow fractures 
requiring prolonged treatment in bed. 

The solvent properties of the colloids are also influenced by a 
number of factors, which are of significance in the aetiology of calculus. 
Any local lesion causing urinary stasis predisposes to calculi, which are 
thus common in the bladder behind an enlarged prostate or a uretliral 
stricture, or in malformations such as horse-shoe kidney. 

High concentration of the urine may be a factor, and is probably 
responsibly for the frequency of calculi in such tropical regions as 
Northern Africa, Arabia, Persia, Mesopotamia and India. 

Infection of the mine is a well-established factor in the aetiology of 
phosphatic stones. Urea-splitting organisms such as staphylococci are 
especially important in this respect. Infection by bilharzia (schistoso¬ 
miasis) is one factor responsible for the frequency of calculi in Egypt. 

Finally, the solvent properties of the colloids are greatly influenced 
by lack of vitamin A of animal origin. M’Carrison, whose observations 
have done much to throw light on the problem of calculus formation in 
India, has pointed out that the diet in that region is largely deficient 
in this essential vitamin. He has, moreover, produced urinary calculi 
in rats by feeding them on deficient diets, consisting of wholemeal flour, 
Indian millet or oatmeal. The stone formation in these experiments 
was assisted by adding calcium to the diet, but could be prevented by 
adding milk, butter or cod-liver oil. It seems likely that the prevalence 
of bladder stones in children in former days was due to a similar vitamin 
deficiency. 

It is interesting to observe that in many cases of urinary calculus 
several of the above-mentioned factors may jointly be incriminated. 
Thus in “ recumbency urinary calculi ” such as are not uncommon in 
patients treated by recumbency during long periods for bone tuber¬ 
culosis, fractures, etc., there may be evidence of generalized skeletal 
decalcification due to the immobilization and additional localized 
decalcification at the site of disease or injury, whilst in addition there is 
stagnation of the urine in the renal pelvis. In some cases also addi¬ 
tional setiological factors are to be found in high concentration of the 
urine caused by insolation and low fluid intake, hypovitaminosis D, 
and infection of the urine. 


Types of Calculi 

It is necessary to distinguish two principal varieties, primary and 
secondary stones. Primary stones are those that arise in an apparently 
healthy urinary tract and that.are composed of substances present in 
the urine normally or as a result of metabolic disorders. Primary 
stones occur in acid urine. They require no preformed nuclei, but appear 
to arise froni the slow precipitation of crystalloids in a colloid magma. 
Primary stones are usually composed of oxalates or of uric acid, rarely 
of cystin. Secondary stones are those that result from inflammatiom—. 
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bacterial or aseptic—and ti^eir formation r^uires a preformed nucleus, 
which may be a primary stone, a foreign body, a dump of organisms, or 
a mass of inflammatory exudate. Since their development depends 
upon the liberation of ammonia from urea, they are found in alkaline 
urine. Secondary stones are almost invariably composed of ammonium- 
magnesium phosphate (triple phosphate). 

Oxalate Calculi. Calcium oxalate is a normal constituent of the 
urine, approximately 15 to 20 mgm. being excreted daily in health. It is 
derived principally from the food, and after the ingestion of foods rich 
in oxalates it may be precipitated from the urine in crystalline form. 
Of the foods ricli in oxalates the most common are rhubarb, spinach 
and asparagus; strawberries are of ill-repute in this respect, but without 
reason, for their oxalate content is less than that of potatoes. The 
absorption of oxalates from food depends to some extent upon the gastric 
acidity, and patients who suffer from Iiyperchlorhydria are especially 
prone to oxaluria. 

Oxalate calculi are extremely hard. They may be smooth and 
rounded, or nodular like mulberries. Often they are of irregular shape 
and covered with sharp spicules. These physical characteristics modify 
the course and effects of oxalate calculi. The stones arise in the renal 
pelvis or calyces, and like other small stones similarly placed they are 
liable to be propelled down the ureter; but whereas stones of other 
composition usually pass rapidly into the bladder the rough-surfaced 
oxalate stones frequently become impacted in the ureter. In any 
position they irritate the mucous membrane and excite an outpouring 
of lymph and blood which renders them black or dark brown. The 
irritation is apt to lead to infection or to degenerative changes in 
the kidney, and the outpouring of lymph or inflammatory exudate 
favours secondary deposition of layers of phosphatic material. 

Calculi of Uric Acid and Urates. Almost 1 mgm. of uric acid is 
excreted daily in the urine. It is partly of exogenous origin, from 
meat and other foods, and partly endogenous from the breaking 
down of tissues. In the lower animal kingdom and in birds and 
reptUes, uric acid forms the chief vehicle for excretion of nitrogen, 
but in higher animals and in man this function is assumed principally 
by urea. 

Stones of uric acid and urates may arise in the renal pelvis or the 
bladder. They are hard but smooth, yellov^ or brown in colour, and 
usually rounded or oval. They may attain large size, and if situated 
in the renal pelvis may become moulded to the shape of that cavity. 
Stones are rarely composed of uric acid alone ; commonly there is an 
admixture of urates, and not infrequently there are traces of calcium 
oxalate. Occasionally in children stones are composed chiefly of 
ammonium urate; they are yellow, soft and friable. 

Cystin Calculi. Cystin calculi, though uncommon, are of especial 
interest from their close relationship to a metabolic disordo*. Cystin 
is an amino-acid with a high sulphur content; in normal subjects 
the sulphur is oxidized completely and is excreted as sulphates, but in a 
small proportion of persons some “ inborn error of metabolism ” causes 
the cy^in to appear in f^e urine unchanged. In the urine it is deposited 
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as flat, colourless, hexagonal crystals, easily recognized on micro¬ 
scopic examination. After the urine has stood for some time the sul¬ 
phur may become combined as hydrogen sulphide, and this is recog¬ 
nizable by its smell. 

Cystinuria is usually a familial disorder, and may be present 
throughout life. Only a small proportion, about 2%, of the subjects of 
cystinuria develop stones, but in this small minority the tendency to 
stone formation is very great. The stones often appear in childhood 
and are multiple, and after their removal by operation others tend to 
form. They are moderately hard, with smooth surface, and of yellow, 
waxy appearance. On exposure to light and air they gradually darken 
to an olive-green colour. Cystin stones usually form in the renal pelvis 
p,nd calyces, and when small they readily pass down the ureter to the 
bladder. 

Phosphatic Calculi. Normal urine eontains phosi>hatcs derived 
from the breaking down t)f tissues rich in phosphorus and, to a less 
extent, from absorption in food; but phosphatic stones are not com¬ 
posed of these substances but of triple phospluate (ammonium- 
magnesium phosphate), of which only a trace is normally present. 
The conversion of the phosphates present in health into triple phosphates 
depends upon the liberation of ammonium carbonate from urea, and as 
this process is often due to the decomposition of urea by micn*- 
organisms it follows that phosphatic^ stones arc frecpicntly the restdt of 
a urinary infection. 

Phosphatic stones are grey or of a dirty white colour and may be 
moderately hard or soft and friable ; they arc always deposited around 
some preformed nucleus, such as primary oxalate or urate stone 
or a foreign body ; often they attain large size ami they form the 
majority of “ stag-horn ” and other large irregular calculi in the 
kidneys, ureter or bladder. Moreover, since they often arise from 
staphylococcal or streptococcal infections that resist treatment, nicur- 
rence after operation is common. The second kidney also may bcciomc 
affectctl. 

Rare Constituents of Stones. Xanthin, like cystin, is a product of 
abnormal metabolism, but stones containing more than a trace c)f 
xanthin are excessively rare. Calcium carbonate often takes part in the 
formation of phosphatic calculi and may rarely be the predominant 
constituent of a stone. Indigo, derived from indol, is occasionally 
found, and if present in quantity it may impart its colour to the 
stone. So-called fibrin stones, small putty-like musses found in grossly 
infected kidneys, arise from the inspissation of old blood clot or an 
inflammatory exudate. Rarely bacteria form the principal constituents 
of small soft concretions. 


Stones in the Kidney 

The majority of urinary stones are formed in the kidney. They are 
usually single, less commonly multiple, and are formed in the calyces 
or in the renal pelvis, never in the parenchyma. Usually they lie 
in the lower major calyx and may remain there through life or they 
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may travel to the ureter and the bladder. The stones may retain 
their purity, but often, from irritation and inflammatory change, they 
become coated with phosphates. At first a renal calculus is rounded or 
oval, but in its growth it may become moulded to the shape of a calyx 
or a portion of the renal pelvis; phosphatic stones often form a complete 
cast of the pelvis and calyces—the so-called stag-horn stone. 

Any renal calculus, but especially one associated with obstruction 
to the flow of urine, may lead to gross pathological changes in the 
kidney—interstitial fibrosis, hydronephrosis, pyelonephritis and pyo¬ 
nephrosis. Of infective complications those from staphylococci and 
streptococci are the most dangerous, for these are urea-splitting 
organisms which render the urine alkaline and lead to extensive 
phosphatic precipitation. Not infrequently also the orga9.isms tend 
to infect the other kidney and to produce similar changes there. 

Stones in the Ureter 

ff 

Stones in the ureter always originate as renal stones which have been 
arrested during descent, and they are usually oxalate stones which, 
from their irregular shape, are particularly liable, to become impacted. 
Impaction usually occurs at one of the sites of normal narrowing, near 
the entrance to the bladder, at the crossing of the iliac vessels, or at 
the pelvi-ureteral junction (in that order of frequency). When 
impacted, a stone ulcerates the mucosa, so that it may lead to subse¬ 
quent fibrosis. Sometimes the tilcer deepens so that the stone comes 
to lie in a pocket in the periureteral tissues, and no longer obstructs the 
flow of urine. At first a ureteral stone maintains its original shape and 
composition, but it rapidly becomes encrusted with phosphates, and it 
then becomes elongate, conforming to the shape of the ureter. 

Sometimes the ureter is completely obstructed, but usually a 
certain amount of urine can reach the bladder; in either case the ureter 
above dilates and hydronephrosis develops. If the obstruction is not 
soon relieved the renal parenchyma becomes thinned out, fibrous and 
functionless. Experimentally, it is foimd tliat the kidney will not 
recover after a complete obstruction of longer than Lwo or three weeks; 
particularly is this so if the other kidney is able to compensate for the 
loss; but if the second kidney is diseased, the first may recover to 
some extent (renal counterbalance). 

If a stone lies in the ureter without causing much obstruction there 
may sometimes be an increased flow of urine from that side, possibly 
from reflex stimulation or more probably from chronic interstitial 
change in the kidney. A ureteral stone causes colicky pains during 
its descent, and dull pains in the loin from over-distension of the renal 
pelvu; it may give rise also to local pain in the lower quadrant of 
the abdomen, and on the right side this, with reflex boarding of the 
muscles, may simulate appendicitis. Frequency of micturition may be 
present, from irritation of the ureter and consequent reflex stimulation. 

Stones in the Bladder 

Stones may originate in the bladder or they may reacli it from the 
kidpey« As in the MAneyt stones originating in the bladder may be 
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of primary or secondary type. Primary stones may form in a perfectly 
healthy bladder, but are rather more common where there is some 
obstruction to the passage of urine, from prostatic enlargement or 
other cause. Secondary stones are much more common, especially 
when cystitis is present. They are composed principally of triple 
phosphates, deposited upon a nucleus such as a primary stone, 
or a mass of inflammatory exudate. In rare instances the nucleus is 
formed by objects introduced along the urethra, and hairpins, lead 
pencils or even portions 
of catheters have been 
responsible. Similarly 
ligatures of catgut or 
sflk may originate stone 
formation. 

Not infrequently 
large stones resulting 
from secondary deposi¬ 
tion on a primary cal¬ 
culus are laminated, and 
layers principally com¬ 
posed of phosphates 
alternate with those 
of other substances. A 
classical example was 
the stone of Napoleon 
III., which consisted of 
laminae of uric acid 
alternating with phos¬ 
phates. At that time 
all stones were thought 
to arise from disordered 
metabolism, and the 
alternation of laminae 
was believed to follow 
changes in the amount 
of purin bodies or of 
phosphates consumed at 
different times; the 
layers of uric acid were 
attributed to the ample dietary of the Paris season, and the phosphatic 
deposits to the waters of Vichy consumed during the annual “ cure.” 
A more probable explanation, however, though less picturesque, is 
that the phosphatic laminae were attributable to recurring exacerba¬ 
tions of cystitis. 



Fig. 271. Multiple renal calculi composed of uric 
acid and urates. A calculus of similar composition 
impacted at the pelvi-ureteral junction had led 
to hydronephrosis. 

(Department aj Surgery, Unirereity 0/ Sdinburgh.) 


Stones in the Urethra 

Stones in the urethra are usually migratory stones that have passed 
from the kidney or bladder; they Mge in the urethra near one 
of the sites of normal narrowing, either in the prostatic urethra or. 
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close to the external meatus; when impacted they become coated 
with phosphates and assume an elongated shape. Occasionally stones 
originate in the urethra, but only in the presence of a stricture 
and infection. They obstruct tlie flow of urine and lead to bilateral 

hydronephrosis, often with infection. 



Fig. 272. Multiple renal uiileuli 
composed of uric acid aiid urates. 
The stones lie in the renal pelvis 
and the lower calyces, and have 
given rise to an extreme degree of 
hydronephrosis of the intra-renal 
type. Note that some of the stones 
are faceted by mutual pressure. 



Sometimes the stone uleerates 
through the urethral mucosa and 
comes to lie in a shallow diverticulum, 
and it may lead to extravasation 
of urine and to a flstula. Occasionally 
a stone impacted in the female 
urethra may ulcerate into the 
vagina, and may remain* there for 
many years. Such a stone (the 
so-called vaginal stone) may attain 
considerable size from the accretion 
of phosphates, and may assume an 
elongated shape. A radiogram may 
demonstrate a central laminated 
portion, the source of the stone. 

ANURIA 

Anuria—the arrest of secretion 
of urine—may occur in many 
different circumstances, and, accord¬ 
ing to the nature of the conditions 
causing it, three types are recognized: 
(1) pre-renal, (2) renal, and (3) post- 
renal. 

(1) Pre-renal anuria is usually 
due to circulatory changes that 
interfere with filtration of fluids from 
the blood as it passes through the 
glomeruli. The blood pressure in 
the glomerular vessels is normally 
about 90 mm. of mercury, and if 


the general arterial pressure falls far 
below this level renal secretion ceases. Pre-renal anuria arises in any 
state associated with sustained reduction of blood pressure, for example, 
in severe shock, or in anhydrjemia from excessive loss of fluids by the 
skin or bowel. It may occur after spinal anaesthesia, and in this case 
the anuria is transient and passes off when the blood pressure is restored 


to normal. 


(2) Renal anuria is due to destructive changes in the secretory 
epitbelium of the kidney. It occurs in most typical form in acute 
nephritts, in poisoning by phosphorus or by corrosive sublimate, which 
cause n»fcrosis of the kidney, or in eclampsia and acute yellow atrophy 
of the , 

A .sinnewhat shiiilai; form of ahuffia may occur from the precipitation 
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of sulphonamide drugs if the urine is unduly concentrated; it is deposited 
in cryvStallinC' form in the rt‘nal tubules or th»‘ ureters. 

Anuria of renal origin may also be associated with acute bacterial 
infections of the kidneys and, in such cases, pre-existing disease of the 
kidneys predisposes to its occurrence. Anuria may also occur reflexly 
after sudden evacuation of urine from a distended bladder in subjects 
of chronic enltirgement of the prostate. In such cases the anuria is 
believed to be due to sudden engorgement of the vessels of the 
kidney. In rare instances anuria may follow upon blood transfusion 
and is then due to precipitation of hacmatin from haemoglobin in the 
renal tubules. Usually the urine has been of high acidity and salt 
concentration. Overheating of the transfused blood would seem to be 
an important exciting factor. 

(8) Post-renal or obstructive anuria is the most important variety 
from the surgical standpoint. The obstruction may be due to calculi, 
new growths, accidental ligation of the ureter, or inflammatory swelling 
of the mucous membrane of the renal pelvis or of the ureter. For its 
development the obstruction must be bilateral or, as is commonly 
the case, must involve the only functioning kidney. It is thought 
that in some instances when one kidney is obstructed the opposite 
kidney ceases to secrete through reflex nervous inhibition (reno-renal 
reflex). 

Calculous anuria may occur under many different circumstances 
which are often determined by the antecedent condition of the kidneys 
and the ureters. Swift Joly recognizes four main types : (1) obstruc¬ 
tion of both kidneys or of both ureters; (2) obstruction of the only 
functioning kidney; (8) obstruction of one kidney, its fellow being 
diseased; and (4) obstruction of one kidney, its fellow being apparently 
healthy. Clinically, the first and second types are sometimes indis¬ 
tinguishable. 

Simultaneous bilateral obstruction of the kidneys or the ureters is 
usually due to calculi. The calculi are often small and are generally 
impacted in tlie upper part of the ureter. The presence of a large 
calculus in one kidney and of a small one in the opposite ureter, is 
usually an indication that the small stone has recently migrated and 
obstructed the ureter. 

Obstruction of the only functioning kidney may occur in either of 
two sets of circumetanccs : (1) with a congenital absence of one kidney; 
(2) when one kidney has been previously removed, or has been destroyed 
by diseases such as tuberculosis, or pyonephrosis. Obstruction of one 
kidney with contralateral disease is one of the commonest types of 
calculous anuria. The unobstructed kidney is usually the seat either of 
infection or of chronic interstitial nephritis. 

Obstruction of one kidney, its fellow being apparently healthy, rarely 
gives rise to complete anuria. The anuria is usually temporary and 
is believed to he due to reflex' suppression of urine on the healthy 
side. It is generally believed that fatal anuria follows unilateral 
obstruction only when the other kidney is diseased. 

In calculous anuria when the kidney is exposed at operatam it is . 
found to be enlarged, congested and plam-eokiupBd, and the suirminding 
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tissues are oedematous. The renal pelvis may be distended with urine, 
but sometimes it is almost empty. 

EXTROVERSION OF THE BLADDER (Ectopia Vesicae) 

In this congenital malformation there is a defect in the lower part 
of the anterior abdominal wall and in the anterior wall of the bladder, 
and through the defect the posterior wall of the bladder appears at 
the surface. The condition is believed to arise from failure of the 
forward growth of the anterior part of the cloacal membrane. 

The defect is oval or rounded and lies in the mid-line below the 
umbilicus. The posterior bladder wall is projected forwards by the 
pressure of the viscera behind and forms a bulging swelling of deep- 
red colour, separated peripherally from the skin of the abdominal wall 
by a ring of fibrous tissue. Usually the umbilicus is displaced down¬ 
wards and it may be involved in the scar tissue and obscured by 
encrustations. 

The ureters ascend from the pelvic floor and open at the surface 
near the lower rim of the protrusion, and jets of urine may be observed 
to issue at intervals. The constant leakage of urine at the surface forms 
the most distressing feature of the condition. Often from infection or 
from the irritation of clothes or dressings the exposed bladder surface 
becomes inflamed and it may be raised in oedematous folds and ulcerated. 
Carcinoma occasionally supervenes; it is usually an adenocarcinoma 
arising in mucous membrane, the seat of cystitis cystica. 

Exstrophy of the bladder is generally associated with other mal- 
developments of the parietes and the lower urinary tract. Usually the 
symphysis pubis is absent, and the pubic bones, which may be several 
centimetres apart, are united by a thick fibrous band. The wide 
separation of the pubes sometimes leads to a waddling gait like that 
associated with congenital dislocation of the hips. 

The exstrophy is accompanied by epispadias, and in the male, 
the sex commonly affected, the ixmis is drawn up and fixed to the 
abdominal wall. Often the testes are ectopic and the scrotum may be 
ill-developed. The prostate and vesicles may be absent or atrophic. 
In the female there may be maldevelopnients of the uterus and vagina. 


CONGENITAL OBSTRUCTION AT THE VESICAL OUTLET 

(Congenital Vesical Sphincteric Stenosis) 

In this condition, which is confined to boys, there is from birth 
difficulty in emptying the bladder. There is difficulty in starting the 
act of micturition and the stream lacks force and volume, and frequency 
of micturition and dribbling are usually present. 

la the early stages the bladder is small and thick-walled from 
hypeitarOpby of its muscular coat, but at a later stage it becomes dilated 
so as to fo^ an obvipua ayrelling in the abdomen. The neck of the 
faladda? and/the upper of the prostatic urethra are .dilated to form 

tsHo .base of the bladder, and in many 
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instances a fold of mucous membrane projects into the lumen of the 
urethra from the region of the verumontanum, or less commonly from 
the anterior margin of the neck of the bladder. 

It is characteristic of this form of urinary obstruction that no 
difficulty is usually exi^erienced in passing an instrument into the 
bladder. 

If the disease is not treated the ureters dilate and hydronephi-osis 
develops. The ureters may be so greatly dilated as to be felt through 
the abdominal wall. The ureteral dilatation depends upon a loss of 
normal valvular action at the urctcro-vesical orifice, and this can be 
readily demonstrated in radiograms after filling the bladder with an 
opaque fluid, when it is noted that the fluid regurgitates into the 
nireters, ^hich appear as tortuous channels with a lumen that may be as 
great as that of the small intestine. Death usually occurs before the 
age of ten years from uronnia, often accelerated by extension of infection 
from the bladder. 

The aetiology of this form of urinary obstruction is not finally settled. 
Hugh Young attributed the obstruction to the valv(‘-likc action of folds 
of mucous membrane in the prostatic urethra, and he claims to be 
able to demonstrate such folds by cystoscopic examination. In his 
experience destruction of the folds is sufficient to relieve the obstruction. 
Other observers have not been able to demonstrate obstnicting val¬ 
vular folds with such constancy. Certainly at post-mortem examina¬ 
tion in a number of cases no mechanical obstruction has been found, 
and their absence has led to the belief that the obstruction is, in some 
cases at least, of a functional character and due to an inherent defect 
of the neuro-muscular mechanism concerned in micturition. 


DISEASES OF THE URACHUS 

The urachus, or allantoic canal, develops with the bladder from the 
ventral part of the cloaca and is about 5 to 6 cm. in length. In 
embryonic life it forms a patent channel extending from the apex of 
the bladder into the umbilical canal. In later life it is united with the 
obliterated umbilical arteries to form the ligamentum commune which 
extends to the umbilicus. Below it passes into the muscular coats of tlu' 
bladder. Nomally the urachus has a fine lumen which, in about .30 per 
cent, of subjects, is continuous for a short distance with that of the 
bladder. 

Developmental Abnormalities. These are extremely rare and 
unimportant. In some instances the urachus docs not develop, and 
then the apex of the bladder is found at the umbilicus, where it may 
form an external fistula. Varying degrees of non-descent of the bladder 
and consequent impi;rfe(*t development of the urachus may occur, and 
they may be associated with retarded closure of the bladder and with 
external fistula). 

Cysts and Tumours of the Urachus. Small sacculations may occur 
in the lower part of the urachus ; l^y are du# to distension by secretion 
of the normal epithelium-lined In some instances a urachal cyst 
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is due to degeneration of a small adenonuii of the epithelium of tilC 
urachus. 

Simple tumourSf such as ladenoma, hbro-adendma and hhro-myxoma 
have been described but they are exceptionally rare. A sarcoma may 
arise from the fibipous invesianente of the urachus, but it also is rare. 

A carcinoma may arise from the epithelial remains. It takes origin 
at the apex of the bladder, vrhich may be invaded by it, but it tends 
to spread widely in the extraperitoneal tissues before the bladder is 
extensively involved. A carcinoma of urachal origin is usually of 
columnar-cell type, and often shows colloid degeneration. 


DIVERTICULA OF THE BLADDER 

A diverticulum of the bladder may be congenital, but the majority 
develop in adult life, especially in men over fifty years. They may be 
single or multiple; and they may be of small size or larger than the 
bladder itself. Diverticula should be distinguished from the shallow 
pouches found between the trabecula: of a hypertrophied bladder, from 
the prolongations of part of the bladder into inguinal or femoral hemise, 
and from septic paravesical cavities communicating with the bladder. 

etiology. Diverticula in infants and young subjects are very rare, 
are usually congenital, and associated with a contracted urethral orifice 
or valves. In the majority of cases diverticula are acquired in adult 
life as a result of urethral obstruction, and the extreme rarity of 
diverticula in women is probably accounted for by the infrequency 
with which they suffer from interference with the outflow of urine. 

Chronic enlargement of the prostate and stricture of the urethra are 
the two diseases most often responsible for diverticula, and as diverticula 
are only present in a limited number of cases, it appears that there 
must be an inherent weakness of the walls of the bladder in some 
subjects. The prostatic enlargement is seldom more than slight. 

Diverticula usually arise just above and lateral to a ureteric orifice 
at the junction of the trigone with the rest of the bladder, and this 
rather constant site of origin suggests that in these positions the walls 
of the bladder are less resistant to pressure than elsewhere. 

In rare instances a diverticulum may result from traction caused 
by adhesion of the bladder to neighbouring organs, and in such cases 
there may be a history of previous pelvic cellulitis. 

Mori)id Anatomy. Diverticula may be present at any part of the 
bladder, but they are foimd most frequently on the lateral walls in the 
neighbourhood of the ureteral orifice. Less often they are found at 
the posterior surface of the bladder immediately above the interureteric 
bar. In mai^ cases the diverticula are placed symmetrically. When 
they^are multiple, one of them is often large, the others small. 

The orifice of the diverticulum is usually small, with sharply defined 
. margins, giving it a ptinched-out appearance when viewed at cysto- 
scc^y. ^ oval cxr slit^like'Orifice is sometimes found, but it is less 
/common. Tlie uretor maSR ^ E>to. <wi the mai^n of the orifice of the 
diwBij^ulum, or it liiay be mH^ER^'Shto the interior of the sac. 
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The mucous membrane around the orifice is often puckered in 
a radiate fashion. Trabeculation of the bladder confined to the region 
of the orifice is often noted, and the interureteric bar may be 
hypertropiiied on the side of the diverticidum. 

The diverticulum varies in thickness, and all the coats of the 
bladder are represented in it. The mmxius membrane and the submucosa 
are thin. MuScle fibres are most abtmdant at the neck of the diverti- 
culmn, and if the sac is large they may be very attenuated or absent 
towards its fimdus. Its abdominal surface is covered by the perivesical 
fascia, and there is often a considerable deposition of fat around it. 
From infection, the diverticulum may become very firmly adherent to 
the pelvic viscera. 

• Pathological Effects and Complications of Diverticula. By pressure 
or by traction, a diverticulum may cause constriction of the lower end 
of the ureter, and subsequent dilatation of the kidney, and if infection 
is present in the bladder, ascending pyelonephritis may supervene. 

A large diverticulum has no power of muscular contraction, and 
depends mainly on gravity for expulsion of its contents. Stugiiation 
of the urine within it predisposes to infection, and therefore cystitis 
is one of the commonest complications. From the diverticulum 
stagnan^purulent urine may escape from time to time. As a result of 
infection, multiple phosphatic calculi frequently develop in the interior 
of a diverticulum. Perforation of an infected divertieulum is a rare 
complication. 

A carcinoma may develop at the orifice of a diverticulum or in its 
interior. 


CYSTITIS 

The bladder is remarkably resistant to infection by pyogenic 
organisms, and may remain healthy even though the urine be heavily 
infected. This is especially true if the bladder is normal in other respects, 
and cystitis is almost always dependent upon some predisposing factor 
which favours the lodgment or growth of micro-organisms in the 
bladder.; 

The most important predisposing factor is obstruction to the outflow 
of urine which leads to imperfect emptying of the bladder. For this 
reason ^stitis is common in association with'prostatic enlargement or 
with ttfethral stricture, and it is an almost inevitable complication of 
lesions of the brain and spinal cord associated with''retention of urine. 
Cystitis is very apt to develop, also, as a result of urinary stasis in 
a diverticulum of the bladder, or, in feniiales, as a complication of 

cystocele. < 

■ A second predisposing factor of some importance is the presence , 
of a foreign body in the bladder. A “stone, for example, frequently 
determines the onset of cystitis, or it may aggravate any existing 
infection. Foreign bodies introduced along the urethra, for example 
lead pencils, portions of i^ber catheters, etc., may give rise to especially 
severe types of cystitis, and even fpifdl bodies such as saigical 

sutures inserted into the bladder M11^ aggravate an infection. ^ 
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of the bladder also predispose to cystitis, probably because 
they affd|lS'^^ ulcerated surface and an abundance of necrotic material. 
Malignaitt tumours are almost invariably accompanied by cystitis, and 
simple tumours are very apt to become infected after fulguration, 
when a part or the whole of the tumour is necrotic. 

The Organisms. The organisms of cystitis are varied. Coliforra 
bacilli are undoubtedly the most common, especially in the milder forms 
of chronic cystitis. Staphylococci and streptococci are often present, 
either alone or with bacillus coli. They are especially common in 
purulent cystitis associated with obstruction to the outflow of urine, 
and since they render the urine alkaline they are important factors in 
the production of phosphatic incrustations or stones. Less often, 
bacillus proteuSt bacillus typhosus^ and other organisms are found. 

Avenues of Infection. The avenues of infection in cystitis are not 
always obvious, and no doubt they vary in different cases. Often it 
seems likely that cystitis is secondary to an infection of the kidney; 
for example, pyelitis or pyelonephritis, although it is remarkable, as 
has already been noted, that in many cases the bladder may withstand 
such an infection during a long period. 

In other cases the bladder is infected by way of the uretlira. This 
is probably the commonest mode of infection, and it seems likely that 
the comparative frequency of cystitis in the female is due to the shortness 
of the urethra. In some cases, especially in males, the infection is 
introduced by a catheter. In normal circumstances the urethra contains 
few or no organisms, and instrumentation is comparatively free from 
risk, but when the urethra is diseased or is the seat of stricture even 
the most scrupulous care will not always prevent the onset of cystitis, 
espebially if the urine is subsequently allowed to stagnate in the bladder. 

Pathological Changes. It is customary to describe two varieties, 
acute and chronic cystitis, and either may vary considerably in the 
degree of its pathological changes. 

In acute cystitis the inflammation affects the whole extent of the 
mucous membrane, but is especially obvious at the trigone and base 
of the bladder. The mucous membrane, normally of pale yellowish 
colour, becomes intensely hyperaemic and of bright red colour. The 
blood vessels, normally visible as delicate branching fllaments, become 
dilated and tortuous, and there may be petechial haemorrhages. Flakes 
of exudate float in the urine and adhere to the inflam ed bladder wall. 

In some cases of catarrhal cystitis these are the only pathological 
changes, but often, in addition, the mucous membrane is greatly 
oedematous and in places eroded, so tlrat the urine contains blood as 
well as pus and organisms. Rarely, extensive areas of mucous membrane, 
may des(^uamate. 

In cJirouic cystitis the patliological changes vary greatly. They arc 
alwi^ most obvious at the base and neck of the bladder, and it is 
impt^r^nt to observe that in contrast to tuberculous cystitis the regions 
ctf the'«Clf^rid orifices a^;,not particularly affected, though they may 
shate.ijpifce ^neri^ changes, 

Ri tiub loudest there may be little change 

a of the bladder base, or 
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the bladder wall may appear paler than usual and of yeli^i^)^li white 
colour. In other cases the mucous membrane is (edematous^ Mickened, 
and with a rough, velvety or granular appearance. Someftines the 
oedema is considerable, and the mucous membrane is then swollen 
and projects in smooth, rounded bullae which may even resemble 
simple polypoidal tumours. In more severe degrees of cystitis the 
mucous membrane is ulcerated, and covertid with adherent Hakes of 
pus. 'Ulcerative cystitis is often due to ammonia-forming organisms 
which render the urine alkaline, and often it is associated with the 
ileposition of calcium phosphate, either as incnisiations of the ulcerated 
wall or as calculi. 


' Rare Forms of Cystitis 

Alkaline Incrusted Cystitis. Tins form of cystitis is due tx) the 
implantation of B. proteus in a bladder already the S(‘at of 
inflammation. It is a very chronic and intractable form of cystitis. 
The disease occurs most often after childbirth, when injury to the 
Idadder has necessitated catheterization. It may follow operations for 
enlargement of the prostate, or for urethral stricture. 

The bladder is generally reduced in size and bleeds readily on 
examination. The mucous membrane is a'dematous, and adherent tt> 
it are flat circumscribed plaques of gritty, phosphatio mat('rial. The 
incrustations are usually confined to the trigone and nock of the bladtlcr, 
but sometimes the whole of the mucous membrane may be affected. 
When the incrustations are detached with an instrument a bleeding 
surface composed of granulation tissue is exposed. The urine is alkaline 
in reaction and contains blood, mucus and leucocytes. Sometimes 
gritty material is passed in the urine. 

Cystitis Emphysematosa. This form of cystitis, which may occur in 
either sex, is characterized by the presence of'multiple small gas- 
containing cysts in the subepithelial tissues of the bladder. The cysts, 
which are rarely larger than a large pin’s head, project towards the 
interior of the bladder. The whole surface of the bladder may be 
affected or the lesion may be confined to one zone. The urine may be 
normal, but is usually iirfected. 

Cystitis Cystica. In this somewhat rare condition, which is found in 
association with infections of the urinary tract, the mucous membrane 
of the bladder is the seat of numerous small cysts which microscopically 
liave an adenomatous appearance. The lesion may be confined to the 
bladder, but very occasionally a similar condition is present in the 
ureters and the renal pelvis. > 

The cause of the cyst formation is not certain, wirdiow suggested 
the cysts were due to blocking of crypts of glands in the mucous 
membrane. More recently it is suggested that cellular degeneration in 
inflamed and oedematous mucous membrane is responsible. Appearances 
similar to cystitis cystica have been produced experimentally in rabbits 
by injuring the mucous membrane of the bladd^ by curettage. 

The cyst formation is usually confined il^ the ferine and the region 
of the ureteral orifices. One or more ^dhe'ct**? ma^ become peduncu- 
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lated, „ When several are clustered together they have the appearance 
of bitllous cedema. 

Localized Interstitial Cystitis (Hunner’s Ulcer). In this form of 
chronic cystitis the bladder is the seat of one or more small linear or 
circular ulcers, which are most often present at the junction of the 
trigone and lateral walls. The ulcers are clear cut and have a red base 
which may bear fibrin on its surface, but sloughing such as is present 
in tuberculous ulcers never occurs. Neither pus cells nor organisms 
are present in the urine. Small engorged vessels radiate from the ulcers. 
At the site of ulceration the walls of the bladder are slightly indurated 
and thickened, due chiefly to oedema and to a less extent to fibrous 
tissue proliferation and round-cell infiltration. Occasionally the 
fibrosis may extend to the paravesical tissues, or even to the 
peritoneum, to which the bladder may become adherent. 

As a result of the ulceration and fibrosis, the capacity of the bladder 
is reduced, often to 150 c.cms., and when the bladder is distended to this 
point and the ulcerated surface becomes stretched there is severe pain 
wiS^ urgency of micturition,‘which are at once relieved when the bladder 
is emptied. 

'At cystoscopy the ulcers appear as mahogany coloured areas. When 
the bladder is distended blanching occurs, and cracks appear on their 
surface. The mucous membrane is fixed to the sub-mucosa around the 
site of ulceration, and the ulcer bleeds easily if touched. 

Nothing definite is known of the aetiology of this condition, but it 
has been presumed that it is due to infection of the wall of the bladder 
from a distant focusj 

Leukoplakia of the Bladder. In this condition the transitional 
mucous membrane of the bladder undergoes metaplasia and assumes 
the characteristic features of a squamdus-cell membrane. A similar 
change has been observed in the mucous membranes of the renal pelvis 
and of the gall-bladder. In the bladder leukoplakia is invariably 
accopipanied by the signs of chronic cystitis, and it is to be regarded 
as a hyperplastic reaction of the tissues to the irritation induced by 
chronic inflammation. Its main pathological significance is that it is 
possibly to be regarded as a precancerous condition. 

TUMOURS OF THE BLADDER 

The bladder, especially in the male, is a fairly common site fox 
tumours. They are generally of an epithelial nature, although various 
types of connective tissue tumour such as fibroma, myoma and angioma 
have been described. ,, 

j the majority of bladder tumours take origin in a previously healthy 
mucous surface, but occasionally there are definite preesmeerous factors. 
It is well knovm that aniline dye workers are specially prone to the 
fcm^tio]:i of papilloma, and this is attributed to irritation of the 
nu|c6tts membrane of the bladder by long-continued excretion of the 
dyes. Schistosomiasis in E^pt frequently predisposes to papilloma and 
caitmapia. Leukc^^^l^lia pf ^he l>ladder, usually associated with 
chMbie ovstitisb mav also be tte tflorting point of a new ixTowth: but. 
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generally, cystitis 
cannot be regarded as 
a definite or common 
precancerous condition. < 

PAPILLOMA 
(Villous Papilloma) 

A papilloma of the 
bladder may be sessile, 
but is usually |>edun- 
culated. It is much 
eommonA- in men than 
in women, and often it 
arises in early adult life. 

It may be single (^r 
multiple, and varies 
greatly in size, some¬ 
times attaining the 
dimensions of a golf 
ball. It shows a special 
predilection for the base 
of the bladder, and is 
specially prone to arise 
above or lateral to the ureteral orifice. 

In its usual form the tumour is pedunculated, and consists of 

a central stem sur¬ 
rounded by • delicate 
branching filaments or 
villi, which give an ap¬ 
pearance often likened 
to a sea anemone. In 
other cases there is no 
centra) stem and the 
villi take origin directly 
from tin: mucous mem¬ 
brane of the bladder. 
Sometimes the tumour 
is somewhat sessile and 
lobulatcd, resembling a 
raspberry. 

Microscopically, the 
central core is composed 
of fibrous tissue which 
is prolonged in delicate 
strands into the villi of 
the tumour. Occasion¬ 
ally the stronui contains 
plain .muscle fibres and 
elastic tissue, the 



Pia. 274. Villous papilloma of tlw bladder. X 27.5. 
From the same section as Fig. 278. Note the 
elongated type of transitional epithelialoells and 
the large capillary blood vessels. 

(labonUorii of Soyal CMege oj P^tieiant 



Fio. 278. Villous papilloma of the bladder, x lib. 
Two villi are seen, consisting of transitional 
epithelium mounted on delicate cores of connec¬ 
tive tissue. Note the numerous large capillary 
blood vessels. 

(Laboratory of Royal College of Phyticiana of Rdinburgh.) 
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epithelium, which covers the fibrous core and each of the villi, resembles 
that of the bladder, and is of transitional character. It is composed 
of cylindrical cells, arranged regularly in a radiate fashion. The stroma 
contains numerous large, thin-wallcd <^aj)illary vessels. The great 
vascularity of the tumour is very apt to cause hsematuria, which is 
often profuse and generally painless. A pedunculated papilloma may 
become engaged in the urethra, and thus cause strangury or retentior; 
of urine. Portions of the tumour may be passed in the urine. 

At its inception a papilloma is generally a benign growth, but is 
very ]>ronc to malignant change, especially in elderly persons. Malignant 
change is evidenced by a more sessik* form ol“ growth, and by a tendency 



Fio. 275 . PapillaTy carcinoma of the bladder. 

(Mufpum of Rogal OolUge of Surgeons of Edinburgh.) 

to involve the vesical mucosa around the pedicle. In some cases the 
mucosa for a considerable distance around becomes congested and of 
granular appearance as a result of early neoplastic changes in it. Vesical 
papilloma is often associated with a tendency to recurrence after 
operation. The “ seedling" tumours may reproduce the structure 
of the parent growth, or they may assume malignant characters. 
They may be large and pedunculated, but more often are small, multiple 
and sessile. This form of metastasis is usually attributed to implantation 
of free cells from the tumour on to the healthy mucous membrane. 

^ CARCINOMA 

., ’’ Ca^moma of the bladder may ordinate in a villous papilloma, or it 
may aanse de n&vo in a bladder that has appeared healthy. Usually it 
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is situated at the base of the bladder, and it rarely originates at the 
fundus. Two principal varieties of careinoniu are recognized, flu* 
papillary and the infiltrating, but the appearance and niicroseopie 
features vary both in different tumours and in different parts of tlic 
same tumour, and between the two principal varieties there are inter¬ 
mediate forms which render exact classification difficult. A third 
variety, an adenocarcinoma, is rare. 

The papillary carcinoma generally arises in a villous papilloma. 
When a simple papilloma undergoes malignant change it g.ows mori* 
rapidly and forms a bulky, soft mass wliieh may (jventually fill the greater 
part of the bladder. Microscopically, the papillary formation of the 
growth persists, but the uniformity of structure so eharaeteristic 
of the s^imple papilloma is lost. The epithelial cells are arranged 
irregularly, and in places are heaped in solid masses. The cells vary in 
size and shape, their nuclei are hyperehromatic, and mitotic figures art- 
present. 

Through jmpuirjuent of blood supply, the central and superficial 
portions of the tumour are liable to necrosis and ulceration. The 
ulcerated surface bleeds readily, and sometimes profusely, and the blood 
may be so copious as to clot in the bladder. The presence of necrotic 
tissue predisposes to infection, and cystitis is very likely to develop. 

In addition to enlarging superficially, the tumour tends to spread 
deeply and to infiltrate the bladder wall. The mucous membrane 
around the tumour becomes thickened and nodular and subsec^uently 
ulcerates. Later fresh tumours may appear in other parts of the 
bladder. They are especially liable to recur after operative removal of 
the principal mass. 

The infiltrating carcinoma, the so-called epidermoid cancer, may 
develop in one part of a papillary growth or it may ai ise primarily. It 
is generally a scirrhous growth which does not project far into tlie cavity 
but spreads widely in the bladder wall. It forms a shallow ulcer 
surrounded by a raised, indurated margin. On microscopic examination 
the growth is composed principally of solid masses of epithelial cells 
supported in a fibrous stroma. Generally in some i)arts of the tumour 
there is evidence of papillary formation. Sometimes the appearaiax* 
suggests a squamous-cell carcinoma, and there may even be cell nests. 
Tumours presenting this feature are generally presumed to have arisen 
in mucous membrane that has assumed a squamous-cell type following 
leukoplakia. Usually they are accompanied by purulent cystitis, and the 
malignant ulcer may be partly obscured by phosphatic deposits and pus. 

A d <* i iiorar cfnoma of the bladder is rare and is believed to arise in 
the small tubular glands occasionally found in the mucous membrane 
at the trigone of the bladder or in an area of cystitis cystica. Tumours 
of this type tend to project into the cavity of the blatlder and to form 
soft bulky growths, which are very liable to myxomatous change and to 
necrosis and occasionally distaift metastasis. 

Spread of Vesical Carcinoma. Carcinoma of the bladder grows 
slowly, and spreads principally by direct infiltration of adjacent tis^es. 
At first, and for a considerable time»',it remains limited to the bladder 
wall, and at this stage complete extirpation would be possible but lor 
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the technical dJfficultfes of the operation and the dangers consequent 
on diversion of the urinary outflow. Later the tumour infiltrates the 
soft tissues of the pelvis, and at this stage it is very apt to involve one 
or both ureters and to cause obstmetive anuria; or it may perforate 
the vagina or the rectum and lead to a urinary fistula. Eventually the 
tumour may spread to the regional lymph glands. Rarely it metasta¬ 
sizes to distant sites, especially to the vertebrje and pelvic bones and 
to the lungs. 


SARCOMA OF THE BLADDER 

Sarcoma of the bladder is a rare tumour which may arise in childhood 
or in adult life. It originates in the submucous coat of the bladder and 
grows to large size, forming a soft mass which is very liable to hemor¬ 
rhage and necrosis. The tumour projects into and may almost fill the 
bladder, and it spreads also in the connective tissue planes of the pelvis 
and exerts pressure upon the bladder, the urethra or the rectum. On 
microscopic examination it consists principally of spindle-shaped cells. 
Often in certain parts of the tumour there is evidence of abortive 
attempts at glandular formation, and there may be areas of myxoma¬ 
tous tissue and even striped muscle fibres. In such cases the growth 
may be regarded as a mixed tumour or rhabdomyosarcoma. 
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CHAPTER XXXII 

% 

DISEASES OF THE MALE GENERATIVE ORGANS 

Development of the Genital Tract. The genital gland (testicle or 
ovary) first appears as an elongated mass on tlie uu'diai aspect of the 
mesonephros or Wolffian body {see p. 607), when* it forms a subsidiary 
ridge projecting forwards into the body cavity. I<ateral to it there 
appears the Mullerian duct, and both the Mullerian duet aiul the Wolffian 
duct partake in the evolution of the genital tract, ihc Miillerian duet in 
the female ^nd the Wolffian duct in the male. 

At about the seventh week pf intra-uterine life the genital tract 
passes through a complex metamorphosis, for at this I ime the genital 
gland descends from its primitive position in the lumbar region 
towards the groin and scrotum, or towards the true pelvis, and with 
the gland migrate also the upper (eephalad) portions of tlu; Wolffian 
and Mullerian ducts, whilst their caudad ends remain related to tlic 
cloaca. 

The later changes in these structures vary according to the s<‘x. 

In the male the W'olffian duct persists in its entirety, iiltimatt'ly 
forming the whole length of the excretory (seminal) channel, from the 
ductuli efferentes of the t<‘stis through the tubules <jf the epididymis, 
the ductus deferens, and the seminal vesicle to the ejaculatory <luet. 
In addition it forms the prostatic portion of the urethra and the 
trigone of the bladder, and the ureter and collecting tubules of the 
kidney {see p. 608). The greater part of the rarisonephros disappears, 
but traces persist and form the paradidymis (organ of Gerald^rs), a 
small collection of tubules above the head of the epididymis. The 
Mullerian duct atrophies almost completely, and only a vestige remains 
as the minute prostatic utricle. 

While the testis and Wolffian duct are migrating towards the groin, 
the ureter and kidney are ascending from the pelvis, and thus the two 
channels, the ureter and ductus deferens, come to be hooked round 
each other at the base of the bladder. 

In the female the Mullerian duct persists, and the eephalad portion 
forms the uterine tube, whilst the caudad portion unites with its fellow 
to form the uterus, and possibly part of the vagina. The Wolffian duct 
atrophies (except those parts which form the ureter and the base of the 
bladder), but traces of it persist. Its upper portion remains in vestigial 
form as the epoophoron, and its hindmost end is recognizable as a small 
sinus opening close to the hym^n (Gartner’s duct). Rudiments of the 
Wolffian body persist in the broad ligament as the parovarium. 

Anomalies of the Meson^hros. Abnormal persistence of meso¬ 
nephric structures may lead to the development of tumours, cysts or 
fistulse in later life. The commonest' are cysts arising in the broad 
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ligaments from either the epoSphoron or the parovarium {see p. 711). 
The Wolffian body is regarded also as the origin of certain retroperitoneal 
cysts, and possibly of mixed tumours (adenosarcoma) in the kidney. 

In a few reported cases the Wolffian duct in the female has failed 
to atrophy,, and has persisted as a tortuous dilated retroperitoneal 
tract, which may extend from the lumbar region to near the hymen, 
discharging a puriform exudate there. In cxeeptional cases in males, 
the Mullerian duct may form a similar ehaniicl. 

^Ijberculosis of the male genital tract 


Tuberculosis in the male genital tract commonly involves the 
epididymis and the seminal vesicles of one or both sides. * 

It is well known that tuberculous infection of the genital tract 
frequently complicates renal tuberculosis, and conversely infection of 
the genital tract often precedes a renal infection. 

Much discussion has been devoted to the avenue of infection and 

route of spread of genital tuber¬ 



culosis. On the one hand, it has 
been claimed that the' seminal 

Mat*'*'" 

vesicle is involved primarily, 
cither by blood-borne organisms 
or as a result of lymph spread 
from kidney and bladder; and 
that the disease then spreads 
down the vas deferens or in the 
lymphatics of t he spermatic cord 
to the epididymis. There is a 
possibility that the prostate may 
be affected primarily and that 
later extension occurs to the 
seminal vesicles and the epidi¬ 
dymis. On the other hand, there 
is the view, which at present is 
the more amply supported, that 
the epididymis is the primary 
site of the disease, being infected 
by the blood, and that from the 
epididymis the disease is carried 
along the vas deferens to the 
seminal vesicle. 

In the majority of cases the 
epididymis is affected alone 
but the seminal vesicle may be 


Fio. 278. Tuberculosis of the epididymis. 
The globus major is replaced by a large 
yellow mass of caseous material. The 
disease has begun to infiltrute the testis, 
which, contains numerous pin-head 
tuberttes. There is a small chronic 
hydrocele with thick fibrous wails. 
(ikfW*w« Boifal CoUige a/ Surgeon * of Mdinbvrgh .) 


affected later. Often the epidi¬ 
dymis and vesicle of the opposite 
side become involved subse¬ 
quently. 

The Epididymis. In the 

earliest cases tuberculosis of the 
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epididymis is said to affect the globus minor, but it sq qi) j u voives Uu* 
entire organ. Iti mild cases the diSease*ivmaiMs limited to the epidi¬ 
dymis, and the follicles are walled in by llbruus tissue. Examinalion 
will then reveal the presence of discrete nodules, smooth, rounded and 
of firm consistency, perhaps half an inch or less in diameter. Su(;h 
nodules may persist for years, giving rise to no symptenns. 

In more severe cases the disease s})reads more actively. The 
epididymis becomes greatly enlarged anti cowl-shapcd, so that the 
globus major overhangs the u])per pole of the testis and partly obscures 
it. The tuberculous follicles coalesce until the whole epididymis is 
caseous. A cold abscess may then I’orrn, and sfifcad thrt)Ugh the adherent 
scrotal tissues to the surface, where it bursts and forms a sinus. Such a 
sinus is ufsually situated on the posterior aspect of the scrotum. 

From the epididymis the infection commonly spreads up the sptT- 
matic cord, which becomes thickened and nodular. 

The testis may escape entirely, but often it is involved extensively. 
Not infrequently the tunica vaginalis is in!ectcd and one form of 
hydrocele results. 

Seminal Vesicle. The vesicle is occasionally involved in tuberculosis 
of the genital tract. It is enlarged and nodular, inliltratcd with tuber¬ 
culous folliclrs. (lenerally the disease takes a chronic form, giving rise 
to no symptoms, and after the epididymal infection subsides th(‘ v(“siele 
heals. Less often a cold abscess forms, and bursts into the rectum. 
In some cases the disease spreads from the vesicle to the prostate. 

DISEASES OF THE PROSTATE GLAND 

Acute prostatitis is usually due to extension of a gonococcal infec¬ 
tion of the uretlu*a. It may culminate in abscess formation, and there 
may be extension to the seminal vesicles and the epididymis. Gono¬ 
coccal prostatitis may be very intractable and may be responsible for 
recurring exacerbations of infection iii the lower urinary tract, or for 
infection elsewhere in the body, especially in joints. 

An acute abscess of the prostate is sometimes caused by the 
staphylococcus aureus borne in the blood stream from a lesion else¬ 
where. The abscess usually burrows into the urethra, but it may (jxtend 
into the retroprostatic cellular tissue and reach the perineum. 

After the age of fifty years (sometimes much earlier) the prostate 
gland may undergo hyperplastic or degenerative changes, and the 
effects produced arc known collectively as prostatism, the outstanding 
feature of which is interference with emptying of the bladder. The 
pathological changes in the prostate may be considered under the 
following headings: (1) simple hypertrophy, (2) prostatic fibrosis, and 
(3) malignant disease. 

Reference to the normal anatomy of the prostate is necessary for 
proper appreciation of the different ways in which the size, texture 
and relationship of the gland may be altered in these chronic di.seascs. 

From the point of view of surgical anatomy it is convenient to 
regard the prostate as a fibro-muscular organ permeated by glandular 
tubules, situated around the prostatic urethra, and at the neck of 
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the bladder, witli which its central part is directly continuous. The 
bulk of it lies behii^ the urethra, and this part of it is traversed by the 
cfac^atory ducts. The division of the gland effected by the urethra and 
ejaculatory ducts enables one to recognize five lobes or segments in the 
gland. At the sides of the urethra are the lateral lobes, in front is the 
anterior or commissural lobe; the triangular wedge of tissue between 
the urethra and the ejaculatory ducts is the middle lobe, and the portion 
behind the ducts and urethra is the posterior lobe. 

The prostate is enclosed by a fibro-muscular capsule or condensation 
of its own siibstance, which sends septa into its interior. The sheath of 
the prostate is the pelvic fascia around it, and is of a firm fibrous texture; 
and“ exce]^t in front and at the apex, or lower end, it can be readily 
stripped from the organ. Within the sheath lies the prostatic plexus 
of veins, which is joined anteriorly by the deep dorsal vein of the 
penis. The veins lie chiefly in the groove between the bladder and the 
prostate. The prostatic veins enter the anterior part of the plexus, 
and therefore hfemorrhage is likely to occur if this part of the prostate 
is injured. 

The lyniph vessels of the prostate drain into a periprostatic plexus, 
from which twg trunks on each side pass to the iliac and hypogastric 
glands. 

The muscular fibres of the trigone of the bladder converge upon the 
prostatic urethra and are attached at the verumontanum. The anterior 
longitudinal coat passes into its capsule and the inner circular layer of 
the bladder becomes condensed upon its upper surface to form the 
internal vesical sphincter. 

It is important to recognize that a normal prostate cannot be 
enpeleated by subcapsular dissection, for there is no plane of separation 
brtween the capsule and the rest of the substance of the prostate. Total 
removal of the prostate necessitates separation of the capsule from the 
sheath,^ and as these are intimately united in front the veins of the 
prostatic plexus are torn. Wlien the prostate is enucleated through the 
bladder, damage to the internal sphincter is inevitable, but an intra- 
urethral enucleation may spare the sphincter. 

. Simple Hypertrophy of the Prostate (Chronic Lobular Prosthtitis) 

This is by far the commonest cause of prostatism. The letiology of 
the disease is not fulljn^hbvm. The changes in the prostate arc very 
similar in nature to those found in the breast in chronic mastitis, and in 
the thyroid in adenomatous goitre. It is now certain that the influences 
which cause the cl^ges in the prostate are hormonic in origin and 
arise in the testis. 'Experimentally it has been shown that male.mice 
, su'BjeOted to flrequenfc skin applications of the ovarian hormone oestrm 
regularly develop prostate enlargement, with urinary obstruction, 
dimtation the bladder and bilateral hydronephrosi^y It seems 
probable that the action of this or similar hormones u responsible for 
{uostatic hypertrop]^ in man. The likelihood is still further su^sted 
by the findhait tha^^ly mjectiems of oestrin into immature male rhesus 
tnonkeys over perils cl^twenty-eight days lead to prostatic 
hypisrtmphy in whudi ep^elium of the utricle (uterus masqplinus) 
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showed very marked proliferation.* The view held at present is that 
the testis seeretes an a'stxoj^ejiic substance as well as the male hormone 
IVOper, and that the normal buluiu'c between the twt* may l>c dislorbed 
in life, so that the testrogenic element heetanes predominant and 
is responsible for the jiroslatic overgrowth. 

The outstanding change is^iyperplasia of the connective tissue 
stroma and of the glands. The overgrowth of libnius and plain 
muscle tissue may be such as to h-ad to libromyomatous nodules 
of variable number and size. In addition, the glands usually show 
hyperplasia and in places may undergo cystic dilatation. (Uirpora 
amylacea are found scatttTcd throughout the hyperplasic tissues. 
The microscopic appearance resembles that of a tibro-adenoma ; but 



Fio. 277. Simple hypertrophy of the prostate. Glandular hyperjilosiu predominates. 
(iMboratori/ of Uoyal CoUege of Physicians of UdMurgh ,) 

as in chronic mastitis the condition is not a true tumour formation, 
but rather a simple epithelial hyperplasia due to some stimulus 
associated with physiological involution. In some eases, however, the 
resemblance to tumour formation may be strong, especially when the 
changes are restricted to a few areas of the gl^td. The ratio of fibrous 
tissue overgrowth to glandular hyperplasia varies in different cases, 
and the size and appearance of the gland are determined by their 
relative proportions. These hypertrophic changes in the prostate are 
commonest in the middle lobe, and may be confined to it, but, in addition, 
one or both lateral lobes are oft6n affected., As a result the unaffected 
glandular acini are con^ressed and condensed along with the inter- 
glandular stroma. This compression of the glandular tissue is 

of great importance surgically, 4 

of whiqb the hyperplasic part of the prostate may be readily enucleated. 
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The degree of enlargement in chronic lobular 2 )rostatilis varies 
considerably. On an average the gland is enlarged to about twice to 
four times its normal size or even more, but in extreme instances it 

•u » ^ ' 

may reach the size of an orange. The enlargement is generally fairly 
symmetrical. Usually the gland is uniformly %m in consistency, but 

the consistence varies within con¬ 



siderable limits. When enlarge¬ 
ment is confined to tlie middle lobe 
this portion projects into the floor 
of the bladder as a spherical mass 
or as a collar surrounding the in¬ 
ternal meatus, which, when viewed 
from the bladder, has art apjiear- 
ance somewhat resembling the cer¬ 
vix uteri. It is impoi’t-ant to recog¬ 
nize that enlargement of the middle 
lobe of the jirostate cannot be 
detected on rectal examination. 

As a result of enlargement of 
the prostate there are several 
important secondary effects on 
the urethra, the bladder, and the 
kidneys and ureters. 

Effects on the Urethra. The pros¬ 
tate enlarges in an upward direction 
owing to the resistance of the tri¬ 
angular ligament, and as a result the 
base of the bladder is carried up¬ 
wards, and the prostatic urethra 
becomes elongated, so that an in¬ 
strument requires to be passed for 
a greater distance than normally 
before it reaches the bladder. The 


Fio. 278. (imitly enlarged middle 
lobe of prostate projecting into tlie 
bladder. The bladder is greatly 
dilated and bilateral hydro-ureter is 
present. 

(Mtuevm of Royal College of Surgeons of 
Edinburgh.) 

be deflected to one side, or it ma 


posterior urethra may become more 
cu^^d than normally, so that a 
catheter of special shape may be re¬ 
quired to traverse it successfully. 
When enlargement of the prostate 
is asymmetrical the urethra may 
be narrowed. Often the prostatic 


urethra is yridened from .stretching of the mucous membrane over the 
enlarged glaiid. 


Effects on the Bladder. As a result of obstruction to the outflow 
of urine from the bladder its walls become' hypertrophied, ^iqd on its 


int^or the muscle bundles become evident as prominent tjabeculaj, 
and diverticulation is common. K obstruction is of. long standing the 
bidder becomes dilated and its walls very thin. .^Protrusion of the 
enlarged prostate into the bladder causes the orifice of the urethra to 
no longer the, lowest part of the bladder, and this may lead to 
ao<»jtmt|^tion of rdsidual urine. The stagnation of urine predisposes to 
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cystitis, which is a very 
common complication of 
long-standing prostatic 
hypertrophy; its develop¬ 
ment is often precipitated 
by catheterization. Phos- 
phatic calculi commonly 
develop as a result of the 
cystitis. 

In many cases one or 
more diverticula are pre¬ 
sent near the base of the 
bladder.* 

Effects on the Kidneys 
and Ureters. As a result 
of prolonged distension of 
the bladder the escape of 
urine from the ureters is 
impeded, and they gradu¬ 
ally become dilated. The 
sphineteric action normally 
exerted at the ureterovesi¬ 
cal orifice is lost, and when 
the bladder beeomes over¬ 
distended reflux of urine 
up the ureters occurs. The 
bilateral hydro-ureter is al¬ 
most always associated with 
hydronephrosis, which in 
neglected cases may attain 
a large size, and very little 
kidney tissue may persist. 



Fig. 279. Bladder, ureters and kidneys from a 
case of prostatic hy])ertrophy. The bladder is 
trabeculated, and there is a diverticulum on 
the side. Bilateral hydro-ureter and hydro¬ 
nephrosis are present. 

{Museum of lUryal College of Surgeons of Edinburgh.) 



Fio. 280. Kidneys firam a case of enlarged prostate, showing bilateral 
hydronephrosis and pyelonephntis. 

{Museum of Jtoyal Colkgt of Surgsont of Edinburgh.) 
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Subjects of prostatism frequently suffer froiDg^ttfchronic iiaterstitial 
flglpl^itis, and the effects of this are greatly exaggerated as dlji^truction 
to itfinary secretion advances. It is not surprising, therefore, that 
features of^ronic uraemia may supervene; sometimes they completely 
overshadow the local effects of the prostatic disease, and they may even 
lead to a fatal issue without there having been disturbances referable to 
the lower urinary organs. 

Stagnation of urine in tlie dilated ureters and kidneys predisposes 
to^cending infectiofl^ from the bladder, and this usually ends fatally. 
Sometimes infection occurs by the blood stream and leads to acute 
pyelopephtitis with multiple small abscesses in the kidney. \4y ' 

\ 1 Prostatic Fibrosis : Chronic Interstitial Prostatitis « 

In this condition the prostate gland is reduced in size and is of 
tough fibrous consistence, due to overgrowth of the intraglandular 
stroma. 

The cause of the fibrosis and sclerosis is not known, but it is very 
^ probable that it is due to the same factors that in later life cause increase 
of the interstitial tissue of other organs such as the kidney, liver and 
’breast. 

Histologically, both the glandular tissue and plain muscle fibres 
appear compressed and atrophied. The gland is also the site of a 
round-cell infiltration. 

It is important to realize that, in contradistinction to chronic lobular 
prostatitis, no falle capsule is formed around the gland, and that the 
whole of tfielpfostate is affected. As a result of the close union of the 
prostate to its investments pp line of cleavage is present to facilitate 
enucleation. If enucleation is attempted it usually results in laceration 
of the bladder, haemorrhage, and damage to the urethra. Therefore the 
treatment of prostatism of this type must be conducted on different 
lines from that of chronic lobular prostatitis. 

In fibrous prostatitis the prostatic urethra is not elongated; in 
fact, it may be shortened. / When the middle lobe of the prostate 
is especially involved an unyielding fibrous 1;yansTOrij je J ^r results which 
causes obstruction at the outlet of the bladd^ In such cases the 
prostatic urethra becomes shortened so that the neck of the bladder and 
the verumontanum are approximated. If a cystoscope is passed, 
obstruction is encountered at the entrance to the bladder. On inspection 
a transverse ridge or ledge is often poted, and the mucous membrane 
over it is more fixed than normally. ^Sometimes thp fibrous bar instead 
of, projecting as a transverse ridge presents as a firm nodule on the 
llpor of the bladder at the internal meatus.changesm^^he bladder 
are sinjilar^tp those in prostatic hypertropliyT'and are IEms outcome of 
interference with the function of the internal sphincter^jJ 

Frosty may occur, though rarely. There may be a sipgle 

calculus, |pit more oftpn they are raultiplie, and there may be a large 
n^ber. They lie within cavities in the subsianiw of the prostate, 
claefly in the lat^jcj^lo^s. They occur most commonly in elderly 
but have been observed in men as young as thirty years, ""^he 
t»B^^;l 4 $ually have a nucleus of epithelial ddhris, blood clot or bacteria. 
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and a sh^ coinposed of mixed phosphates and the phosphates, cqrbo- 
natps and"oxalates of calcium. They are believed to arise most coinm<3«ly 
as a result of long-standing low-grade infection of t he }>rostate. 

Carcinoma of the Prostate 

Carcinoma of the prostate may begin in an apparcnilj’ healthy 
gland or in one whicli is already the site of chronic hypertrophy. It lias 
been estimated that about 10% of prostates removed for hyper¬ 
trophy show evideiKic^bf malignant disease on microseopii* examination. 
This is undoubtedly an over-estimate. The disease occurs most often 
between the ages of sixty and seventy years. 
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. In the early stage malignant dfiscase forms multiple opaque nodules 
texture, which render the gland unduly hard. The rate of 
grg^Vth ot„the tumour is ''Usually slow. As the disease advances it 
inhltrates its capsule and sheath as well as the base of the bladder and 
, the seminal vesicle. At a later stage ulceiatiun of the growth occurs 
'and leads to hsembrrhage. Spread to the retroperitoneal lymph glands 
is a common and early feature : involvement of the glands is found in 
at least <50% of cases post-mortem. Metastasis to bones is of frequent 
occurrence and may be obvious before urinary obstruction develops. 

Histologically, cancer of the prostate often shows a glandular 
structure, but sometimes there is less differentiation, and the cells are 
arranged in irregular masses. 

A type of cancer is sometimes found in the prostate whfch differs 
greatly from the above. The growth begins in the posterior lobe of 
the gland, and remains confined to it. The growth is small, and is of 
a scirrhous type, and the gland may be only slightly enlarged, but it is 
extremely hard. It is characteristic of this type of growth that it 
often gives rise to widespread metastases in the skeleton, especially in 
the skull, ver^hrse and iliac bones, and is associated with an increase 
of blood phosphatase. At autopsy in such cases the primary growth 
may be so small as to be readily overlooked, and careful microscopic 
examination may be necessary to demonstrate it. The changes which 
may occur in the skeleton are described on p. 181. Sarcoma occasionally 
occurs in the prostate; the tumour may remain cneupsuled for a 
considerable period. 


DISEASES OF THE TESTIS 
Torsion of the Testis 

Torsion of the testis/seldom occurs in an anatomically normal 
organ.') Incomplete descent, with which other structural abnormalities 
are often associated, predisposes to its occurrence. Torsion may occur 
in children or in adults, but it occurs most often about the time of 
puberty'. It is more frequent in the right than the left testis. 

■TEe comno^ anatomical errors of development which pr^ispose to 
torsion are : ({^the presence of a patent processus vaginalisTn associa¬ 
tion with incomplete descent, inversion of the testis, C^the presence 
of a mesorchium which separates the body of the testis from the 
epididymis. In many instarces the testis lies more horizontally in the 
scrotum than normally. When a mesorchium is present the epididymis 
is found to be completely invested by the tuni^ v^inayi^;< 

The actual cause of the torsion is uncertain^’but as frequently 

followed a sudden strain or a blow, it is believed thitiir’viojent contrac¬ 
tion q| tl)&4imQ&steric muscle may initiate it. It has also been sug^sted 
that a severe strain may cause a sudden engorgement of the tortuous 
veiQS of ^eifpermatic cord sufficient to induce torsion. 

The aite of .torsion is usually a short distance above the summit 
of the test^. In a few instances, where the testis and epididymis 
a^e widely, sep^ted, only the body is involved. In children the 
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hydatitl of the testis, which is relatively large in early life, may umlergo 
torsion alone. The extent of the twist, which occurs suddenly, vapes 
from a half to one and a half turns, and the rapidity of changes in 
the organ depends on the degree .pf torsion. (3'hc direction of the 
twist is alw ays from without inward^i Once established, the torsion is 
usually maintained,' but occasionalfy it becomes undone spontaneously, 
but it may recur. 

The ehanges in the testis and epididymis are due to strangulation 
of its blood vessels. At first, probably, only the veins are involved, 
with the production of venous congestion and swelling of the distal 
parts. When venous obstruction is long maintained thrombosis occurs, 
and results in haemorrhagic infarction of the testis. /The arteries may 
be constricted at the onset of torsion or not imtil Iatei> 

When examined at operation the testis and its coverings are swoll(>n 
and (edematous, and have a blue discoloration from venous engorge¬ 
ment or thrombosis. The tunica vaginalis usually contains a blood¬ 
stained effusion. In more advanced (uises the testis may have the 
appearance of a ripe plum, and softening from necrosis may Ik* detected. 
VVhen treatment has been delayed suppuration of the testis may ensue 
from sujicradded infection. 

Torsion of the testis is usually associated with very jjreat pain and 
severe shock. The abdominal muscles on the atreet(‘(l side are rigid, 
and the thigh is drawn upwards. The scjrotum is usually redderu'd, 
(Edematous and tender, and the testis is retracted towards the inguinal 
canal. 


HYDROCELE 

A collection of watery fluid in the tu.iica vaginalis may he due to 
disease in the testis or epididymis (secondary hydrocele), or if may arise 
without obvious cause (primary hydrocele). 

Secondary hydrocele accompanies acute or chronic inflammation of 
the testis or epididymis, such as gonorrha.*a, tuberculosis or .syphilis, 
and it is sometimes associated with testicular tumours. The fluid 
varies in character according to the cause, and it is generally small in 
amount, though sometimes sufficient to mask the enlargement. 

Primary hydrocele may arise at any time of life. It has been observed 
in infancy and it is not infrequent in old age, but it is most conimon 
during the fifth and sixth decades. The timica vaginalis becomes 
distended and assumes a characteristic piriform shape. Owing to the 
anatomical disposition of the tunica, the testis lies below and beliind 
the hydrocele. . When the amount of fluid is great, the testis becomes 
flattened from pressure and may undergo a certain amount of 
fibrosis. 

The fluid of a hydrocele is straw coloured and of watery consistency, 
and its amount varies from a few cubic centimetres to a litre. Its 
high protein content renders it valuable as a bacteriological culture 
medium. 

Loose bodies within a hydrocele have been observed; their origin 
is obscure. 



.^4 '^JSIASES OF THE MALE OENBBATJFE ORGAm 

t *•... ‘ 


The cause of primary hydrocele is not fully understood.. The highly 
albipuiuous character of the fluid indicates that it is not a mere 
transudate; ■ In most cases, the epididymis is thickened, oedematous 
aAd somewhat congested, whilst in older patients the prostate is often 
enlarged and the bladder neck inflamed. On the basis of these observa¬ 
tions some authorities regard hydrocele as secondary to a low grade 
% infection of the whole 



Fig. 282. Hsematocele, rcNuliiiig from haeinorrhuge 
into a hydrocele sac. Tlic wall of the tjac is 
rough, and discoloured by blood (ngment. The 
testis, which has been cut across, is compressed, 
and buried in fibrous tissue. 


(JiV emrUny of Mr. J. IP. Stnif^ert.) 


genital system. 

A hydrocele of the 
cord IS a similar con¬ 
dition affecting a per¬ 
sisting portion of the 
processus vaginalis in 
the spermatic cord. 

A hydrocele of a 
hernial sac is not un¬ 
common in either 
femoral or inguinal 
hernia. It is a collec¬ 
tion of watery fluid 
which forms when the 
orifice of the sac is 
occluded, and it is 
generally due to ad¬ 
hesion or impaction of 
the omental content of 
an epiplocele at the 
neck of the sac. 

A hydrocele with 
persisting processus 
vaginalis is a collection 
of fluid in a sac com¬ 
municating with the 
general peritoneal 
cavity, and it may be 
due to any form of 
peritoneal e ff u s io n. 
The misnomer con¬ 
genital hydrocele is 


sometimes applied to the condition. Young persons are affected most 
often^for in them the processus is most apt to be patent. In such 
subjects the cause of the effusion is often tuberculous peritonitis. In 
older persons the effusion may be an ascitic collection in disease of the 
heart or kidneys, or it may be due to chylous ascites or malignant 
of the peritoneum. 

Hsematoccle may result from a crushing injury to ‘ 
vaulting, jumping, etc. Considerable shock attends the 
injury,* tunica vaginaUs is lilled with blood which qgay or may 
! !l%e su^unding tissues of the scrotum are greatly discoloured 
fpc^^travasaiiou of blood. If the blood is not evacuated &om the 
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tunica vagmalij^ or^inisation occurs and leads to a hard and heavy 
swelling of the testis. ’ 

More often the hsemorrhage is attributable usually to a direct blow 
upon the scrotum or to injury to a vein.during aspiration of the hydrocele 
fluid. Less commonly the haemorrhage comes from a tumour of the 
testis, or it may be attributable to blood diseases such as hscfnophilia, 
scurvy or severe anaemia. 

The effused blood clots and excites an aseptic inflammatory reaction 
in the wall of the sac. Subsequently young blood vessels invade the 
clot and eventually its outer layers become organized and fibrous. 

In an old-standing hajmatocele the wall of the sac is greatly thickened 
and indurated, and it may even become calcified. Tlie inner surface 
remains rough and shaggy, and discoloured by blood pigment. The 
testis becomes embedded in the new fibrous tissue, and may be almost 
indistinguishable. 

CYSTS AND TUMOURS OF THE EPIDIDYMIS 

Cysts in connexion with the epididymis are common ; they may be 
small and multiple, but more often are single. 

Multiple cysts arc usually situated in the head of the epididymis, less 
often in the body or the tail. The condition occurs in middle-aged 
men, and is often bilateral. The cysts vary in size, but they are 
seldom larger than a pea; they are thin waUed, tense and firm, and 
contain transparent or turbid fluid, in which there may be spermatozoa. 
The origin of the cysts is uncertain : they are said to arise either in 
Trains of the Mullerian duct or from dilatation of the tubules of the 
epididymis. 

Sis^e cysts are more common and may occur in early adult life. 
The cyst may be unilocular or multilocular and may attain the size of an 
orange. It is usually situated outside the tunica vaginalis but may be 
within it and arises either between the globus major and the body of 
the testis or above the epididymis. As the cyst increases in size it 
separates the epididymis from the body of the testis, and the vasa 
efferentia may be stretched over the cyst. 

The wall of the cyst is fibrous and often thick, and is lined with 
columnar or flattened epithelium. The cyst contains opalescent milky 
fluid of alkaline reaction, which on standing separates into two layers, 
the upper clear and the lower milky ; it contains lymphocytes, fat 
globules, epithelial cells and spermatozoa. In most examples a com¬ 
munication between the cyst and a seminal tubule may be demonstrated. 
In some cysts the fluid is clear and no spermatozoa are present. 

In the maj ority of instances a cyst of the epididymis arises from 
rupture of one or more of the vasa efferentia at the hilum of the testes. 
It is likely that others originate in vestigial remnants similar to cysts 
of the broad ligament. Thus it is believed that a cyst may arise from the 
hydatid of the testis (Morgagni), le., fnira remnants of the Mfillerian 
duct, from the paradidymis (organ of t;iraldes), remains of the 
Wolfflan body, or from the vasa abermntia—^normal diverticula of the 
inferior end of the ductus deferens. 
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Tumours of the epididymis' are very rar e. Simple tumours, such 
as lipoma, 6broh|a, adenoma and leiomyoma, which are the natural 
ou^me of the anatomical structure, have all been encountered. They 
^te seldom larger than a walnut. Sarcoma of either spindle, chondro- 
zhatous or melanotic type has been observed in a few instances. 

A carcinoma may arise from the epithelium lining the tubules. It 
lias been observed most frequently in early adult life, is usually small, 
:;j||Tegular and nodular and may be mistaken for chronic inflammatory 
' ^targeihbnt of the epididymis. It may extend along the spermatic 
cold and may involve the coats of the scrotum. The tumour, though 
usually small, is very malignant, and metastasis to the retroperitoneal 
glands and the lung is common. Microscopically, epithelial tumours 
the epididymis are generally of adenocarcinomatous or* rarely of 
squamous-cell pattern. 


SYPHILIS OF THE TESTIS 

The epididy^inis on one or both sides may be enlarged temporarily 
during tKe"lSorid stage of syphilis. Flnlargement is confined to the 
glo bus majo r and is painless and may therefore be unnoticed. Probably 
the underlying cause is an inflammatory affection of the tubules. 

Since the institution of effective methods of treatment of primary 
syphilis, tertm^ lesions, fonnerly common in the testis, are now 
seldom dliservedbirt when they occur they almost always involve the 
body a nd its investhig, tjijiics. 

Subjects of inherited syphilis may develop o rchit is, which is usually 
bilateral. It is commonest in infancy or in the second or third year, 
andv^syphilis is the only common cause of testicular enlargement in 
early life.'s The testis is usually about the size of a pigeon’s egg and is 
hard and painless. The orchiti^may be very indolent, but yery seldom 
^minates ih gumma/formation. When occasion for pathological 
examination has arisen, it has been noted that the connective tissue 
between the tubules has been greatly thickened and ini'aded by lympho¬ 
cytes and plasma cells. 

Inadi^s suffering from acqmzeji syphilis the testis, usually of one 
side may be the seat of chrome ..enlargement, especiallj^ after 
the second to fourth year following infection. The disease may take the 
form of diffuse interstitial orchitis or be of a gu mma tous charaeter; 
but a com bina tion of the lesions'is more common. 

In the diffuse form there is moderate enlargement of the testis of 
gradual and painless onset. The testis may retain its normal shape 
or become spherical. It is hard and woody and is generally devoid of 
i^nsation. There is often an effusion of serum within the cavity of 
tlj^^ tunica vaginalis, seldom amounting to more than two or three 
ounces. Later the tunica vaginalis may be obliterated by adhesions. 
The tunira ^uginea may be the seat of nodular thickening but the 

of the g'^d is infiltrated 
NEty newiji' .tofrined conn<k?tiveij^sue disposed radially from the rete 
teatls; aiid, when cut,- the t^cw retains a flat surface as the tubules 
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are restrained by the fibnms infiltration. Occasionally, tliere is a small 
central gumma, and less often multiple areas of degeneration. In 
untreated cases tbe secretory tubules may be extensively destroyed 
and atrophy of the testis may ensue. 

The appearance of the testis varies according to the stage of the 
disease and the amount of fibrous infiltration. There may be a single 
homogeneous yellow necrotic mass in the centre of the greyish*red 
glandular and opaque fibrous tissue, wliich may increase until the entire 
testis is involved ; or there may be multiple small areas of degeneration 
amidst a granulomatous and enlarged testis; such areas usually 
coalesce and may destroy completely the secretory tubules. From 
extension of the syphilitic process the scrotal tissues may be iulil- 
trftted, so* that finally the skin and dartos muscle may be involved. 
Rupture on the skin surface may lead to a typical sloughing syjdiilitic 
ulcer, or the diseased testis covered by a fungous mass of granulations 
may project on the surface with the scrotum retracted around it. 
The testis may lierniate to such an extent that scarcely any part of the 
organ is contained within the integuments of the scrotum. 


If TUMOURS OF THE TESTIS 

Few subjects in surgical pathology have given rise to such dillicxilty 
in classification and interpretation as that of testicular iunu)ijrs. The 
difficulty was the outcome of the complex histopathology of these 
tumours and of the error of drawing conclusions from an examination 
of only a limited portion of a tumour. Now it is insisted that examina¬ 
tion of many parts, preferably by the large section and by special 
methods of staining, is essential if all the components of the tumour 
are to be classified correctly. Even with these rtfinements the nature 
of the tissues may be difficult to define. Careful investigation of large 
series of cases has helped to dispel some of the confusion that has 
existed and, as a result, the older nomenclature and classil'ications, 
which were either misleading or cumbersome, have been revised and 
simplified. Two well-defined groups are now recognized: (1) The 
teratoid or mixed tumour, and (2) the germinal cell tumour (the 
commonest), variously known as seminoma or scmino-cananoma 
(spermato-cytoma); the first is the common title. There is in addition 
a very rare type of tumour which originates in the interstitial tissue of 
the tcsti^4,interstitial-cell adenoma. 

General Features of Testicular Tumours 

Most tumours of the testis are malignant oj:^PQt<?ntially m^gnant 
and develop in adult life; a few, such as the ^teratomatous cysts, may 
be present at birth" ;In rare instances the disease attacks both testes 
simultaneously, or the remaining testis may be affected some time 
after orchidectomy. Malignant disease may attack a retained or 
ectopic t^tis, but it remains uncertafft jf either of these maldevelop- 
ments increases the liability to narfipanigr, althoi^h Gordon Taylor 
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found maldescent present in 15 out of 50 cases observed by'him, A 
his tory of inju ry in relation to,the occurrence of the tumour is present 
in.'almost 20% of instances. The tumour may be very small or may 
id^^'^'iarge dimensions, sometimes rapidly after a long period of 
li&OBcy,^ The initial site of the tumour (particularly the teratoid 
vajci^) is usually the m^iastinum of the testis, deep to the tunica 
albHW and as growth proceeds the testis is gradually compressed 
so trallinally it may appear as a wafer at the periphery of the tumour, 
or it may be incorporated in the tumour. Ti^ epididymisj^^ 
unaffected. A small hydrocele or haematocele may be present, especially 
after mjury. 

The u riii c from subjects of testicular tumour contains gonadotropic 
hormones which are responsible for the positive Asch]^efm*2oiidek 
reaction. (In most the hypophyseal hormone predominates, in a few 
a chqripnic hormone, Thrhormone output is higher in seminoma than 
teratoma, and greater in embryonal adenocarcinoma and highest in 
chorionic carcinoma. The test, both qualitatively and quantitatively, 
may be of great value in diagnosis and prognosis. A seminomatous type 
of tumour associated with an increased excretion of hypophyseal 
hormone is radio-seasitive and the prognosis is relatively good. In 
tumours associated with an output of chorioiiic hormone the prognosis 
is poor because the tumour is resistant to irradiation. 

(After removal of a seminoma the hypophyseal hormone continues to 
be excreted in excess. 

Secondary growths from testicular tumours may result from invasion 
of lymph 'vessels or of veins. Lymph-borne metastases are usually 
noted first in the lumbar glands; the inguinal glands are not affected 
unless the tumour has involved the wall of the scrotum. Blood-borae 
metastases are common in the lungs, and may be present later in ofher 
organs. 


The Teratoid Group of Tumours 

A teratoid tumour usually appears between the agesjof twenty and 
thi rt y years. It may be smooth or lobulated, soft or hard ; at fir st its 
growth is limited by the resistance of the tunica albuginea,(so that for 
long the enlarging testis retains its shape.} It may give rise to an effusion 
of clear or gelatinous fluid in the tunica vaginalis, but the effusion is 
seldom considerable and is not bloodstained unless injury (as from 
exploratory puncture) has occurred. 

On section the testis may be obvious at the summit of the tumour ; 
it may appear normal, but more often it is compressed and appears 
as a narrow strip of tissue separated from the tumour by a con¬ 
densed fibrous layer or capsule {see Fig. 282). The tumour may be 
hqnmgeneous, but frequently it shows areas of haemorrhage or n^rosis 
nr e^siic spaces containing gelatinous material. Cartilaginous nodules 
o|^^^resent, and may be so abundant that the tumour has the 

feature of a teratoid tumour 
is be of great variety and iftay be 
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or embryonic, and it may be impossible, especially in the case 
of a^^ical glandular structures, to specify their character. .In some 
examples differentiation may occur to a remarkable degree and a part 
of an entire adult organ may be reproduced. But generally tlu^llMfmil 
are disposed in a haphazard manner without more than slight attein^ 
at specific associations. 4 

Occasionally one of the component tissues occurs in great fli|^|p>ion 
and may appear to suppress others. There are, for exampl^rarc 
tumours of the testis which have the appearance of chondroma, fibroma, 
adenoma, etc., but which can be shown by more thorough examination 
to be teratoid turnours in which one type of tissue preponderates. The 
teratomatous cyst and chorionic carcinoma described below are 
examples ‘of such one-sided growth, in these cases the ectodermal 
elements. 

For descriptive purposes it is convenient to catalogue the many 
tissues which may be found in testicular teratomata according to the 
germ-layer—ectodermal, cntodermal, and mesodermal—^to which they 
may be assigned ; and, on this basis, the following table indicates the 
tissues which may be represented. 


Ectodermal 

Stratified squamous epi¬ 
thelium, with or with¬ 
out keratinisation. 

Bair. 

Neuro-epithelium, which 
may assume acinar or 
papillary formations al¬ 
most indistinguishable 
from glandular struc¬ 
tures. 

Melanin-pigmented cells. 

Trophoblastic epithelium. 


Entodermal 

Glandular tissue of intes¬ 
tinal type, sometimes 
with mupus - secreting 
cells. 

Glandular structures, 
sometimes unspecific 
but often identical with 
the thyroid, the salivary 
glands or liver. 

Ciliated epithelium re¬ 
sembling the bronchial 
mucous membrane. 

Renal tissue, with glo¬ 
meruli. 


Mesodermal 

All gradations of young 
fibroblastic tissue. 

Myxomatous tissue. 

Fat. 

Lymphoid tissue. 

Muscle fibres, especially 
plain. 

Hyaline cartilage. 

Bone, sometimes with 
haemopoietic tissues. 


A testicular teratoma may be composed of a few or a complexity of 
thfe above tissues. Superficially they may appear to be disposed iii no 
particular order, but none the less, there is often a suggestion of correla¬ 
tion of particular tissues. For example, it is very noticeable that glan¬ 
dular epithelium, especially of intestinal type, is often associated with 
young mesenchymatous tissue in which there may be plain muscle fibres 
and Aggregations of lymphoid tissue. Epithelium like that of the respira¬ 
tory tract is often found in proximity to bars or nodules of cartilage. 
Embryonic tissues of the nervous system may occur alongside tissues 
resembling nerve-sheath elements or a meninx-like sheath. In associa¬ 
tion with squamous epithelium there may be hair follicles, arr^ores 
pilorum, sebaceous material and fat. Probably these specific associations 
connote an abortive attempt at reproduction of adult structures and 
identical with the correlation of tissues which occurs in early 

'^^^Som^teratomata of the testis pres^^i^^b characteristic features 
M to ii^arrant more detailed consi^rAl^n. •va'' ■ 
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Tri-dermal^^Teratoma (Fibrocystic Disease). This is one of the com’ 
monest types: it usually grows slowly, and may appear to be benign. 
On section its appearance varies according to the relative proportion of 
cysts, fibrous tissue and cartilage. Areas of softening and degeneration 
are often present in some part of the tumour. Microscopically, a great 
variety of tissues may be present, but the predominating elements are 
cysts lined by any type of epithelium, stroma which is very cellular 
and of embryonic type, and a variable quantity of hyaline cartilage. 

From the pathological side it is 



Fio. 288. Teratoma testis with 
involvement of skin of scrotinii 
and secondary deposits in the 
inguinal glands. The body of 
the testis is stretched over the 


important to recognize the great 
malignan cy of the tumour. All tlie 
tissues may participate in this activity 
in different degree, but very commonly 
the glandular elements show the most 
active proliferation. 

Teratomatous or Dermoid Cyst. 
This is the r^est testicular teratoma; 
it resembles in all respects, except size, 
the common ovarian teratomatous cyst 
{see p. 706). The tumour is present 
at birth, and grows very slowly. Mor¬ 
phologically, it represents excessive 
epiblastic overgrowth in a teratoma. 

The tumour is cystic and locu.lated, 
is lined with stratified epithelium, 
and contains sebaceous material and 
hair. Part of the tumour is usually 
solid, and this portion usually contains 
cartilage, bone, and nerve elements. 
Malignant transformation seldom occurs 
in this type of tumour, but it is not 
unknown. 

Chorionic Carcinoma. This tumour, 
which is probably morphologically iden¬ 
tical with chorion-epithelioma of the 
utenis, is relatively rare. The tumour is 
usually small and, oifThat account, may 
be overlocJked; it is soft and is very 
liable to necrosis and haemorrhage, and 


surface of the tumour. spontaneous retrogression has been ob¬ 

served. Microscopically, it is composed 
of syncytial masses and cells so arranged as to resemble ftqphoblastic 
tigg^e. “ ' ■" 

The syncytial epithelium Itas the property of eroding blood Vessels, 
aijid thus causes extravasation of blood ; for the same reason it Usually 
gi^ies rise to met^stases in the lungs, and later in the liver. The 
VjBeeondary grovdhs appear as haemorrhagic tumours, which may become 
very large^ Histologica^^ thf metastases may vary considerably and 
present structures which^te iH^cteristic of a teratoma. 

. ^ cjborionic carcinomiS imy be ite^nsible for breast activity in the 
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nwle and the pronoiiii<!t“d Asohlieim-Zondck reaction iiidicatf's a liigh 
prolan output. 

Malignancy and Metastases in Teratoid Tumours. Teratoid growths, 
according to all standards, are extremely jnalignant. (^ Survival beyond 
three years after the appearance of the tumour is cxePi)tionat It is 
important to realize that a,, teratoma may giv e rise to metastases and 
death while the primary tumour is still small; but iti most eases the 
features of malignancy are evidenced by fairly rapid increase in size of 
the testicular swelling and by invasion of the scrotum. 

In the majority of teratomata malignancy is a property of tlie 
whole tumour and shared by several or all of its component tissues, 
though not always in equal degrees. Formerly malignancy was ascribed 
to'exaggefated growth of one component, but this view is ^erroneous. 
In the majority metastases occur in the lumbar glands. ^Thc gland 
enlargement may result in a very bulky confluent tumour.. Occasionally 



Fig. 284. Portion of testicular teratoma, showing skin, hair follicles, 
sebaceous glands, and fat. 

{Laboratory of Royal CoUege of PhyBleiant of Edinburgh.) 

the supraclavicular glands on the left side are involved, probably as a 
result of invasion of the thoracic duct by cancerous emboli.. 

(^pread by the bipod stream is common and is a specially notable 
feature of cjjorionic carcinoma. ,' 

The structure of the metastases is almost as complex as that of the 
primary growth, they usually contain two or more of the cellular con* 
stituents of the pai*ent tumour- They may show greater differentia¬ 
tion the primary growth, but usually the rever^e^ obtains. It has 
been alleged that the metastases may contain tissues not present 
in the primary growth, but this assertion probably erroneous and 
based on an insufficiently thorough examination of the primary 
tumour. 


w ■ ■ • 

-DISEASES OF THE MALE GENERATIVE ORGANS , 

The Origin of Teratoid Tumours of the Testis. There are 
speculations on this subject, and until our knowledge of the>orijgin,<rf * 
teratomata in general is on a more sure foundation dogmatic statements 
are scarcely permissible. Probably careful examination of very early 
cases might help to clear up some of the doubts. 

Following the theory of Cohnheim that tumours arise from 



Fio. 28a. Seminoma of the testis. Note the coagulated fluid in the 

tunica vaginalis. 

{Department of Surgery, VnivereUy of Edinburgh,) 

“ e mbryonic rests, ” it has been suggested, without much confirmation, 
that teratoid tumours arise from remnants of the Wolffian boi^. Others 
have suggested that they arise from ordinary sex pr germingjl cejUfl„by a 
process anaU^us to parthenogenesis, and that;!, therefore a teratoma 
represents a distorted foetus^ this theory, though superficially adequate, 
has not been upheld. Marchand and Bonnet advanced the hypothesis 
that a testicular teratoma might be derived from an bola ted b ja jstqmere 
detached Jrom a ^gmenting ovum very eatly in cleavage. I'his last 
view may account for ^dme'^trage^ teratoma, but it fails to account 
ifear their great predilection for the ovary and testis. 

\ 4s. ^atoid tnmours grow from, the region of the rete testis, where 
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developmental errors would be most expn’ted, it is oclievcd that they 
airise from primitive undifferentiated cells with pluripotcnt eJiaraeters, 
that originally arose in 
the mesothelium of the 
genital ridge but failed 
to develop or to become 
connected with the 
secretory tubules of the 
testis. 

The exciting cause 
of the neoplastic de¬ 
velopment is not 
definitely* knowm, but 
trauma appears to play 
an important part. 

The Seminoma 
Group of Tumours 

This is the com¬ 
monest tumour of the 
testes. It may occur 
at any period of adult 
life but is commonest 
between the ages of twenty and forty. The tumour probably arises 
from the germinal epithelium of the secretory tubules of the testis ; it 

grows more slowly than 
teratoid tumours and, 
on an average, reaches 
the size of a closed fist 
within two years. The 
tumours (and the meta- 
stascs) are veiy radio¬ 
sensitive. 

In shape the tumour 
is spherical or ovoid. 
It is firm and solid, and, 
except for areas of 
haemorrhage or of de¬ 
generation which arc 
often present, it is of 
a homogeneous consist¬ 
ency. The cut surface 
is fleshy or gelatinous, 
and is intersected by 
fibrous septa which 
Fio. 287. High power of same section as in Pig. 286. may produce an 

(Laboratory of Royal CtMege of PhynieUtM of Bditaurgh.) appearance of lobula- 

tio». The epididymis may be uninvolved, fused to the tumour, or 
indistinguishable. 




PiQ. 286. Seiiiiiioiiisi of the testis. 
{LahoraSury of Royal College of IVmMans of KiiMmrgh.) 
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MicroscopicaHy, tumours of this class show cdnsiderable individual 
variation, and even in the same tumour the appearances may not be 
uniform. In some tumours the cells are large with clear c 3 d;oplasm, 
and resemble the spermatocytes of the testicular tubules; in others 
the cells are smaller, with darkly staining nuclei and much less 
cytoplasm ; while in others the cells resemble lymphocytes. Like the 
cells of the normal testis, the tumour cells arc often markedly eosino* 
philic. The cells are usually arranged in sheets or bands and mitotic 
hgures may be numerous. An embryonal adenocarcinomatous type 
sometimes occurs. A characteristic feature is the presence of small 
lymphocytes embedded in small or large groups amongst the epithelial 
cells. The blood vessels, as in other carcinomata, are often well formed, 
but in many instances they are tliin walled and of embryonic type. 

In some examples there is evidence of marked anaplasia and the 
features of a carcinoma and of a sarcoma are blended— carcinosarcoma. 
Usually the cells are mostly of a carcinomatous character, but, in 
addition, there are large, round, oval or spindle types, suggestive of 
sarcoma. 

Tumours of the seminoma group metast as ize ghififly^by Jhe lymph 
vessds, but ocoasignally they behave like a sarcoma and give rise to 
secondary growths in theliyjgs. 

Origin of the Seminoma Group of Tumours. It is generally 
admitted that these tumours resemble anaplastic carcinoma, in other 
glandular organs and that they are derived from precursor cells of the 
spermatogonium of the testicular tubules—“ embryonal carcinoma.” 
This is borne out by the observation that it is sometimes possible to 
trace transitions between normal and almost normal seminiferous 
tubules and frankly malignant tissue; and, in addition, the cells are 
usually so specific in type that a common origin is the more likely. 
Nevertheless it must be stated that some observers have attempted to 
explain the origin of the tumour on the basis of a one-sided development 
in a teratoid tumour. 

Interstitial-cell Tumotur. This is a very mre tumour. It is of 
adenomatous type and affects the body of lEe testis : it is small in size 
and lightly encapsuled and traversed by fine trabeculae which render it 
lobulated. Its special feature on cross section is its brown colo ur. 
Malignant change with metastases has occurred in a. few examples. 
The Aschheiip-Zondek test may be positive, and features related to an 
excessive output of oestrogen have been noted. Histologically, as 
would be expected from its origin, it shows disorderly solid masses of 
polygonal .cells in lobular formation. The cells have a granular and 
partij^ai^ly acidophilic character. 

Thus tumour should be regarded as a very rare cause of innocent 
testicular enlargement. 
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CHAPTER XXXIII 


DISEASES OF THE FEMALE GENERATIVE ORGANS 

PHYSIOLOGY OF MENSTRUATION 

The phenomena of the menstrual cycle and their relation to other 
sexual and reproductive processes constitute interesting • biological 
problems, and are so closely linked to the functional activity of other 
endocrine glands as to have an importance in general pathology. Until 
comparatively recently the outlook upon the whole subject was to a 
large extent speculative, but within the past few decades experimental 
and clinical research has done mucli to establish it on a scientific 
basis. 

The Menstrual Cycle. The menstrual cycle may be divided into 
four phases :— 

(1) Premenstrual hypertrophy. 

(2) Menstrual flow. 

(3) Post-menstrual involution. 

(4) Interval. 

Throughout the whole menstrual cycle, and from puberty to the 
menopause, the uterine mucous membrane is never at rest. It is 
constantly under the influence of hormones derived from the ovaries, 
the pituitary gland, and other organs, and is maintained in a continual 
state of activity. 

(1) Premenstrual hypertrophy of the uterine mucosa begins a week 
or ten days before the onset of the menstrual flow. It is charac¬ 
terized by a gradually increasing hyperiemia with great proliferative 
activity of the cells of the endometrium, which becomes twice or even 
three times its normal thickness. The changes resemble those of the 
decidua formation of early pregnancy, and they affect the stroma, the 
mucous glands and the blood vessels of the endometrium. The stroma 
cells proliferate and separate into two moi-e or less well-defined layers, a 
superficial compact layer in which the cells lie closely opposed, and a 
deep spongy layer in which they lie separated by oedema. The epithelial 
cells proliferate, and mitotic figures may often be demonstrated. The 
cells lining the mucous glands are particularly affected, and the glands 
become dilated, elongated and tortuous. Often the proliferation is so 
great that the epithelium projects into the lumen of the glands in the 
form of multiple tuft-like processes. Capillary dilatation is an important 
feature, aAd in the later part of the premenstrual phase it becomes very 
evident;#; Immediately IWore the beginning of the second phase the 
eapilla^ iraHs give rise to minute haematomata under the 
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(2) The menstrual flow results from haemorrhage from tlie dilated 
capillaries. The blood collects in the stroma of the endometrium and 
is then discharged with small portions of the epithelium. Along with 
the blood there is a free discharge of mucoid secretion from the glands. 
At one time it was believeil that the greater part of the endometrium 
was cast off, but this view is probably erroneous, and in normal cireuin- 
stanccs the loss of tissue is minimal. 

(3) Post-menstrual involution is clxuracterized by retrogressive 
changes in the endometrium. The blood vessels return to normal size, 
relief of oedema and congestion allows the membrane to shrink to its 
former thickness, the effused blood is absorbed and the proliferated 
cells atrophy and disappear. The glands in collapsing assume a tortuous 
or plicate arrangement, wliieh in microscopic sections may givt* a 
confusing picture, as of acini within acini. 

(4) The interval is of short duration. During this period the 
endometrium enjoys a period of relative (piicscence, and any physio¬ 
logical loss sustained during the active phases is nuuie good. It is 
important to note that the endometrium is never in a true I’csting 
phase. The phase of repair merges with that of renewed aertivity, and 
in microscopic, section the features of the two phases are often blended. 

Relation of Menstruation to Ovulation and Reproduction. It has 
long been recognized that there must be a close relationship between 
ovulation, the process whereby the mature ovum is discharged frorrt its 
follicle at the surface of the ovary, and the cycle of menstrual changes, 
but the nature of the relationship has proved difficult to determine. 
Opportunity for observation of the behaviour of healthy ovaries is 
rarely obtained, and research upon animals is complicated by the 
circumstance that few animals menstruate, and that thr: (estrus cycle in 
animals is not the counterpart of the human menstrual cycle. 

It is believed, however, that in women with regular menstmal 
cycles, ovulation occurs regularly once a month, and it precedes and 
determines the menstrual How. The time relationship of menstruation 
and ovulation has been studied by correlating the menstrual histories 
of gynaecological patients with the appearance of mature or n<‘wly 
ruptured follicles in the extirpated ovaries, and from these observations 
it seems probable that ovulation occurs thirteen or fourteen days before 
the menstrual flow, that is, shortly before the commencement of tht; 
phase of premenstrual hypertrophy. 

Modern views in regard to the significance of menstruation emphasize 
the especial importance of the stage of premenstrual hypertrophy. 
It is believed that this process is designed to prepare the uterus for 
possible pregnancy, and tliat if pregnancy occurs the endometrial 
hypertrophy passes insensibly into decidua formation. If fertilization 
is not achieved the hypertrophic state being superfluous comes to an 
end, and the menstrual flow begins. Thus the menstrual flow is not 
a preparation for possible pregnancy but an indication of failure to 
conceive. 

Ovarian Hormones. The ovary exerts a hormonal contnfl over the 
whole cycle of menstrual changes, for removal or d^truction of the 
ovaries invariably produces an “ artificial menopause. 
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In r^ent years it has been demonstrated that there are at least 
two types of ovarian hormone, derived respectively from the Graafian 
foUicle and the corpus luteum. 

The follicular hormones are cestrone and the much moje active 
OBstradiol; the luteal hormone is known as progest&rone. 

(Estrone is a fat-soluble substance which can only be administered 
by injection. It has now been obtained in aystalline form, and has 
been shown to be a condensed carbon-ring compound consisting of 
four linked aromatic rings. Its chemical constitution is closely 
allied to that of the carcinogenic hydrocarbons present in coal tar 
{see p. 67). (Estrone can be isolated from the liqnor-folliculi and from 
other parts of the ovary and also from the placenta. It is, present in 
large amount in the urine of pregnant animals, especially the mare. 
It is found in greatest quantity, remarkably enough, in the urine of 
the stallion. (Estrone determines the onset of the menstrual flow and 
probably controls the onset of puberty and the development of secon¬ 
dary sexual characters. The administration of cestrone accelerates 
puberty in immature animals, induces “ heat ” after spaying, and 
hastens the reappearance of “ heat ” in the lactation period. 

Progesterone is secreted by the corpus luteum and, during pregnancy, 
by the trophoblast. It tends to stimulate endometrial hypertrophy 
and, in association with cestrone, to prevent the menstrual flow. Shortly 
after the corpus luteum appears in a ruptured Graafian follicle it deter¬ 
mines the onset of premenstrual h 3 q)ertrophy. If fertilization occurs 
the corpus luteum grows, and by stimulating decidua formation ensures 
the implantation of the ovum. If fertilization fails to occur the corpus 
luteum soon degenerates and its secu'etion ceases. The sudden with¬ 
drawal of the two hormones, cestrone and progesterone, then determines 
the destructive endometrial changes which lead to the menstrual 
flow. 

In addition to the menstrual effects, both cesfepone and progesterone 
have an influence on hypertrophy of the breast and on lactation. 

The ovarian hormones, both cestrin and lutein, are imder the hormonal 
control of the anterior lobe of the pituitary gland. It has been shown 
that removal of the anterior pituitary in immature animals inhibits the 
development of the ovary and also of the secondary sexual characters; 
in adult animals it inhibits ovulation; if ovulation has occurred, it 
inhibits the formation of corpus luteum ; and if the animal is pregnant 
it brings about abortion. Thus the pituitary controls all phases of 
ovarian activity. It exercises this control through the agency of the 
gonadotropic hormone prolan, which may contain two distinct principles, 
prolan A and prolan B, the former effecting maturation of the folUcle, 
the latter formation of the corpus luteum. J^olan or a similar substance 
is excreted in the urine of pregnant women, and the demonstration 
of its presence forms the basis of the Aschheim-2k>nd^ test. It 
is interesting to note that prolan or a similar substance is present in 
large amount in the urine of men suf^aring &din tumours of the 
testis. 
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ACUTE ENDOMETRITIS 

By far the most important type of endometritis is that which occurs 
after abortion or in the puerperium, and it overshadows all others in 
both vjralence and gravity. 

Gonococcal endometritis is common, but is never very acute, and 
is usually obscxtred by the more obvious effects of gonorrhoea upon the 
urethra, cervix and uterine tubes. Occasionally acute endometritis 
follows the use of infected instruments for minor operative procedures. 
Rarely the infection is blood borne, and it may occur in the course of 
zymotic diseases, acute tonsillitis, and analogous affections. 

* Puerperal Endometritis 

The uterus owes its great susceptibility to puerperal infection to the 
presence of the large placental site composed of spongy decidua without 
epithelial covering. This forms an ideal nidus for bacteria, and its 
large blood vessels closed only by recent clot provide a ready avenue by 
which infection may reach the blood stream. 

It was formerly the custom to distinguish two types of this disease, 
(l) putrid endometritis due to saprophytes, and (2) “ septic ” endo¬ 
metritis due to bacteria capable of invading living tissues. 

It is now generally acknowledged, however, that this classification is 
somewhat artificial, for saprophytes rarely exist alone, and parasitic 
organisms may possess any degree of virulence. 

In general, two main tj^pes may be recognized :— 

(o) Surface infection of the uterine waU. 

(6) Deep infection of the uterine wall. 

(а) Surface Infection. In the mildest foims of endometritis the effects 
are those of a localized inflammatory process. The endometrium is 
covered with soft, dirty sloughs and bathed in foul purulent lochia, and 
the uterus is enlarged, oedematous, and flabby from toxic paresis. 
Microscopically, the most striking feature is the great vigour of the 
reaction. Bacteria and necrotic areas are surrounded by healthy 
leucocytes, which form dense barriers and effectively prevent invasion 
of the deeper tissues. 

(б) Deep Infection. In its more severe forms the disease resembles 
a spreading cellulitis. Sloughs are present on the surface, but the exu¬ 
date is somewhat thin and often scanty. Microscopically, the organisms 
are seen penetrating deeply amongst the muscle fibres, which are 
oedematous and degenerated. Polymorph leucocytes are relatively 
scanty, the infection is not circumscribed in any way. 

Complications. The great danger of puerperal sepsis lira less in 
toxic absorption from the uterus than in the risk of spread of the infection 
to other parts. 

One of the commonest complications is cellulitis of the connective 
tissues of the parametritun and broad ligaments. This may arise by 
direct extension of the disease through the uterine wall, but it is due 
far more commonly to direct access of the organisms through a laceration 
of the cervix uteri. 
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Peritonitis may occur, either by spread of the infection along the 
:ubes or, rarely, as a result of rupture of the uterus during delivery. 
Peritonitis is generally due to infection with haemolytic streptococci, and 
JB always of grave import. 

Thrombophlebitis of the uterine and pelvic veins is another complica- 
don .of extreme gmvity, for after childbirth the veins are large and 
:ortuou8, and many are filled with soft, recent blood clot. The infected 
dot is very apt to disintegrate, with subsequent septicaemia and 
>yaemia. 

The Infectii^ Organism. In acute fulminating forms of puerperal 
lepsis the causative organism is almost invariably a haemolytic strepto- 
ioceus, usually of the type labelled “ pyogenes.” According to (^le- 
)rook and Howe, an anaerobic streptococcus is not infrequent? B. coli 
>ften coexists, less commonly B, pyocyaneiis or other organisms. In 
nilder forms of the disease the organisms are varied. B. proteus and 
»ther saprophytes are common, and may be accompanied by non- 
iaemolytic streptococci. 

The Source of Infection. This is the fundamental problem of 
>uerperal sci)sis, for upon the answer to it depends the whole campaign 
>f prophylaxis. Is the infecting organism present in the vagina before 
mrturition ? is it present in some distant focus, whence it may reach 
;he uterus in the blood stream ? does it ascend the genital tract from the 
mlva, perhaps assisted by the examining finger or an instrument ? 
)r is it quite exogenous, and brought to the uterine mucosa through 
iome unrecognized breach of technique ? 

The bacterial flora of the vagina in late pregnancy and the 
juerperiiijtn has been investigat(*d by many workers in recent years, 
vith surprisingly regular findings. In late pregnancy pathogenic 
organisms are present in approximately .50 per cent, of cases. Strepto¬ 
cocci occur in a large proportion of these cases, but they are practically 
ilways non-hjemolytic, and sti-eptococcus pyogenes is very rare. 
STon-hacmolytic streptococci arc found also in the uterus after parturi- 
:ion, but, although they may lead to nnid forms of endometritis, they 
lave no relation to severe puerperal sepsis. 

Htematogenous infection from distant foci, such as the teeth or 
onsils, must be seriously considered as a cause of puerperal sepsis, for 
his disease may occur in healthy women, exposed to no exogenous 
nfection, after a normal, spontaneous, unasristed delivery. But this 
source of infection can only apply to a small proportion of cases. 

It seems likely that infection from the vulva is commoner than is 
Generally supposed. The vulva, with its folds and crevices, its innu- 
nerable hair follicles, and its close proximity to the anus, must always 
>e infected to some degree. 

Lastly, there can be no doubt that exogenous infection occurs, and 
ndeed it naay be of paramount importance. Formerly the contagious 
usbtur^ of “ puerperal fever ” was well known, and in lying-in hospitals 
i single ease might ii^ect a whole ward. The danger of such epidemics 
5 now ohnpst past, but even with every possible care there are occasional 
nstances'bf case-to-case inliection. The most tragic feature of such 
iEK|}ge]^{||i infections is theit great virulence. After transmission from 
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one patient to another the streptoeocens attains such intense pathogc^nic 
properties that the disease is often fulminating. 

Further evidence of the importance of exogenous infection is found 
in the incidence of puerperal sepsis, which is especially apt to occur in 
primiparse, in abnormal labours, or in any circumstances in which tin* 
passages are bruised, the cervix lacerated, the perineum torn. I'iie 
risk is greatest of all, moreover, when any form of intervention becomes 
necessary, especially the manual removal of the placenta. 


CHRONIC CERVICAL ENDOMETRITIS (Cervical Erosion) 

The* cervix uteri is lined on its inner aspect by mucous meml)ranc 
similar to that of the body of the .uterus, but with somewhat talK r 
columnar epithelial cells and more numerous mucous glands. On its 
outer (vaginal) aspect it is covered by squamous epithelium cojitimmus 
with that of the vaginal fomices. The mucous meml)rinu* of the 
cervical canal is of deep red colour, the external sejuamous covering 
is pale pink, and the junction of the two is situated cxa<;tly at the 
external orifice. 

In a cervical erosion the appearance is (piite different, for the deep 
red mucosa transgresses its normal limits ami appears on the vaginal 
aspect of the orifice as an irregularly rounded area the colon i of a ripe 
strawberry. The surface of tin; area is unbroken (there is no t.rm^ erosij>n 
or ulcer), and it may be smooth or slightly granular. Not infr(“(juently 
it is studdetl with small bluish cysts (Naboth's ovules), which result 
from dilatation of the mucous gland acini. Laterally the “ erositm ” 
merges gradually, in an ill-defined line of transition, witli tlu* surnmnding 
squamous epithelium. 

Microscopically, the surface is usually covered by columnar 
epithelium, but this may later become replaced in patchy fashion by 
squamous cells. Deep to the epithelium there arc numerous glands 
like those of the normal cervical endometrium, but more complex in 
structure and more closely set. Collections of lymphocytes and plasma 
cells are present in the str&ma. 

Chronic cervical endometritis usually occurs as a secpicl b) gomirrlara 
or to the low-grade infection of a laceration of the cervix, but it may 
develop when there is no evidence of previous disease, and it is not 
unknown in virgins. On this account it has been suggested tlmt the 
condition is not infective but is a simple overgrowth of glandular tissue. 
There is, however, but little support for tliis view, and there seems little 
doubt that the condition is a result of chronic infection, aggravated 
perhaps by the irritative effect of the acid vaginal secretion upon exposed 
endometrium. Bacteriological examination usually reveals the presence 
of more than one organism, and this is not surprising in view of the 
varied bacterial flora of the vagina. Streptococen, hicmolytii! or non- 
haemoljrtio, are common, and coliform bacilli, diphtheroids and staphylo¬ 
cocci may be present. That elusive organism, the gonococcus, dies out 
so quickly and is cultivated with such difficulty that it can rarely be 
demonstrated, but its causative influence may sometimes be suspetited. 
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CHRONIC CORPOREAL ENDOMETRITIS 

Chronic corporeal endometritis may occur as a sequel of definite 
acute or subacute infections, such as puerperal sepsis or gonorrhoea, 
or it may occur in women who have Iia<l no previous uterine disease, 
and may even be found in virgins. Two main types may be recognized; 
(1) the hypertrophic type, (2) the atrophic type. Atrophic endometritis 
is not uncommon in elderly women, and may then be recognized as a 
distinct type, the senile type. Rarely tuberculous endometritis occurs. 

(1) The Hypertrophic Type. In this condition the principal changes 
occur in the mucosa of the body of the uterus, but the cervical 
endometrium may be affected to a limited extent. On naked-eye 
examination the most striking feature is the great thickness* of the 
mucous membrane, which is soft, velvety and congested. Often the 
whole mucous surface is covered with small raised nodules, and some¬ 
times larger elongated or polypoidal masses project into the lumen. 

The increased thicknei>s of the mucosa is due principally to great 
h 3 rpertrophy of the glands, which become elongated and very tortuous. 
The epithelial cells proliferate and increase in size and become distended 
by mucus to goblet shape. The acini may be dilated with retained 
secretion. Thus the condition is somewhat similar to that of the physio¬ 
logical proliferation of the premenstrual period. Sometimes the glandular 
proliferation is so extensive as to suggest a neoplastic change, and indeed 
the condition has sometimes been termed “ benign diffuse adenoma.” 
The stroma of the mucous membrane usually presents the signs of chronic 
inflammation, and is infiltrated by granulation tissue with lymphocytes 
and plasma cells, but in some cases inflammatory cells are scanty or 
absent and the stroma is fibrous. The blood vessels are often thick 
walled and partially Occluded by fibrosis. 

Hypertrophic endometritis was formerly regarded as the result of 
infection of the uterus, but the frequent absence of histological evidence 
of inflammatory change cannot be ignored, and the condition is now 
believed to result from proliferative activity of the endometrium 
associated with endocrine dysfunction, 

(2) The Atrophic Type. This condition is most common after the 
menopause (senile type), but it may occur at an earlier age. It differs 
from the hypertrophic type in that the endometrium is not thickened 
by the overgrowth of glands and stroma, but is thin and atrophic. The 
epithelial cells on the surface and those lining the glandular acini 
become flattened, and many degenerate and disappear, so that 
eventually on microscopic examination few glands are seen, and such 
as remain are small and inactive. The stroma may contain granulation 
tissue, lymphocytes and plasma cells, but often there is merely fibrous 
tissue and no other evidence of inflammation. 

It has been suggested that often the atrophic type of endometritis 
is not a. bacterial disease but an atrophic process resulting from excessive 
or i[|;^niud, post-climacteric involution. It is a disease of great 
importahcfe'c'l^ieedly, for it g^ves rise to the discharge of blood-stained 
purulent secretion, luid inlay thus be mistaken for a carcinoma of the 
uterus. , , V ■“ 
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CHRONIC METRITIS (Fibrosis Uteri) 

This condition generally shows itself after the age of forty years, 
and in 90% to 95% of eases it affects parous women. It is essentially an 
affection of the fibro-muscular wall of the uterus, and the endometrium, 
though sometimes involved, is not necessarily so. 

The uterus is enlarged symmetrically, and the consistence of both 
the body and the neck is firmer than normal. The enlargement is due 
to the thickness of the wall, which may increase from the normal average 
of 10 to 15 mm. to 25 mm. or more. In some cases the increased 
thickness is due to the presence of an excess of fibrous and elastic t issue, 
but usually in addition to this there is distinct hypertrophy of the 
^ muscle fibres. When the uterus is cut across with a knife it is seen that 
the wall is denser and harder than in health. It is little more vascular 
than normal and may be somewhat pale in colour, but the blood vessels 
are noticeably prominent on the cut surface, and their lumina tend to 
gape. 

The microscopic appearance differs somewhat in parous and 
nulliparous women. In either there is extensive muscular hypertrophy 
and fibrosis, one or other feature often predominating, but in parous 
women there is also a striking increase of elastic tissue both in and around 
the blood vessel walls and between the muscle bundles. In either 
parous or nulliparous women the endometrium sometimes presents the 
appearance of chronic hypertrophic endometritis. 

The cardinal sign of chronic metritis is haemorrhage, which may be 
severe and uncontrollable. It is believed generally that the haemorrhage 
results from the great proliferation of fibrous and clastic tissue, which 
prevents the contraction of the blood vessels and the retraction of their 
bleeding ends, but the alternative view has been proposed that the 
haemorrhage is due to associated ovarian dysfunction, of which there is 
often evidence in the presence of fibrosis and multiple cysts. 

The nature of chronic metritis is not clearly understood. In parous 
women it is usually regarded as a late result of mild puerperal infection 
or of “ subinvolution.” Normally in puerperal involution the large 
uterine arteries are replaced by smaller ones, which penetrate and 
canalize the organizing blood clot. The wall of the older vessels become 
fibrous and gradually disappear. It lias been suggested that one of the 
chief factors in chronic metritis is the failure of absorption of the old 
vessel walls, and particularly of their elastic tissue. The muscular 
hypertrophy has been regarded as a compensatory process, an attempt 
on the part of the uterus to control and constrict its bleeding vessels. 
This cannot account for the process in nullipara, in whom there is no 
elastic and little fibrous tissue formation. It has been thought that in 
nulliparae the primary lesion is endometrial, and that the muscular 
hypertrophy results from physiological efforts to expel the thickened 
endometrium. 

FIBROMYOMA OF THE UTERUS (Fibroid Tumour) 

The uterine fibromyoma is the comthoue^t o|;’;a!l tumours. It is a 
simple encapsuled growth, derived from the ^lMdmus<mlar tissue of the 
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ujteriiie wall, an<l it is composed of unstriated muscle bundles and 
fibrous tissue in various proportions. In small tumours muscle pre¬ 
dominates, but increased size and diminished vascularity lead to the 
development of much fibroixs tissue between the bundles. The tumours 
are generally multiple and numerous, and the uterus may be studded in 
all parts with nodules of various sizes. In other cases the tumours are 
lew in number, and one or more of them may reach large size. Occa¬ 
sionally theJTc is a single tumour. 

Uterine librornyoma almost invariably originates during the repro¬ 
ductive period of life, particularly the latter part of that period. It is 



Kio. 28S. Interstitial librornyoma of the 
uterus. The tumour has undergone 
red degeneration. 

(Department of MMwiferti amlGynwcology, Uuirereity 
of tSilinburgh.) 



Fig. i!89. Submucous 
librornyoma of the uterus. 
The uterus is distended 
with I) I n o d (luemato- 
metra). 

(Dfpattment of Midtmfery and Qynce- 
fdogy, VnirertHy of Edinburgh.) 


commonest in childless women, probably because its effects upon the 
form and vascularity of the uterus prevent implantation of the fertilized 
ovum. 

Structure. A uterine fibromyoina is smooth and rounded, and 
completely encapsulcd in condensed fibrous tissue. Except when 
degenerative changes have occurred, it is of hard consistency and 
when ciit actross imparts a creaking sensation to the knife. The 
cut surface of such a tumour is pale and glistening. The muscle bundles 
stand out prominently, and their whorled arrangement gives a 
characteristic appeanmee as of small tightly packed balls of wool. The 
periphery of the tumour has usually a plentiful blood supply, but in 
contrast to this the central portion is often ischaemic. Central degenera¬ 
tion often occurs, and this part of the tumour may be soft ,and cystic 
or fib;Fous<OT calcified.. 


FIBROMYOMA OF THE UTERUS OS.! 

Microscopically, the tumour is composed of intertwining bundles 
of plain muscle fibres separated by various amounts of fibrous tissue. 
The muscle bundles mn in all directions, and in sections some are c\it 
longitudinally, some transversely, some obliquely. The muscle and 
fibrous tissues arc most easily distinguished by van Gieson’s stain, for 
the muscle fifires take up the yellow picric acid and the fibrtms tissue 
takes up the pink colour of fuchsin. Apart, from their irregular arrange¬ 
ment, the muscle cells resemble those of the normal uterus except that 
the nuclei arc somewhat shorter and more ovoid. 

Varieties of Fibromyoma. The tumour at first lies within the 
muscular wall of the uterus, but from increase in size and from 
repeated contraction of the surrounding muscile it tends to project 
m various directions on either the inner or the <>uter aspect of the 
uterus. 

All are at first interstitial, and some remain in this position. Inter¬ 
stitial tumours are e.ommonly multiple and of small or moderate 
size, but occasionally they are solitary and large. Tlicy occur with 
equal frequency in all parts of the body of tlic uterus, and occasionally 
they affect the cervix. Interstitial tumtmrs cause some enlarg<*ment 
of the uterus, often fairly symmetrical. Often they give rise to no 
symptoms, or they may cause haemorrhage ami dysmenoriha*a. 

Subperitoneal fibromyoma is almost always multiple. It. varies 
greatly in size, and one or more niay attain large dimensions. At 
first they are sessile, but, with ine.rcase in size, they tend to become 
pedunculated, and eventually may swing freely from a nanow pedicle. 
The surface of such a tumour is often well supplied with blood vess('ls, 
which arc evident as dilated channels coursing over it, but tlu; centn; 
is iscliaemic. Consequently subperitoneal tumours arc usually hard 
and often calcified, and they are very liable to degenerative changes. 
Torsion of such a tumour is also apt to octnir, especially when the 
pedicle is long and narrow. Occasionally a large tumour with a short 
pedicle may involve the whole uterus in its torsion, with serious 
disturbance of the uterine circulation. Torsion of a fibromyoma learls 
to various forms of degenerative change and predisposes to infection. 
Sometimes the tumour becomes adherent to the omentum and viscera, 
and occasionally such adhesions may be sulficient to muinbiin the 
nutrition of the tumour after severance of its uterine attachment (the 
so-called parasitic myoma). 

Submucous fibromyoma is less common than the subperitoneal 
variety and is less numerous and may be solitary. As a rule it is 
small and rounded or ovoid. It is extruded directly untler the endo¬ 
metrium, and as a result of utccinc contraction it becomes pedunculated, 
and may eventually project at the external orifice of the uterus. Impair¬ 
ment of the blood supply leads to necrosis, infection, and ulceration, 
often with profuse haemorrhage. 

Cervical fibromyoma accounts for less than 5% of all such tumours, 
a fortunate circumstance, for they sometimes have grave effects. A 
cervical tumour ca\ises great elongation of the cervical canal, dis]>laccs 
the body of the uterus upwards, and projects forwards towards the 
bladder, backwards tow'ards the rectum, or laterally into the broad 



6m i>ISJSASES OF THE FEMALE GENERATIVE ORGANS 

li^HiKuaits. In any of these situations it may cause pressure and give 
rise to grave complications during parturition. 

Degenerative Changes in Fibromyoma. Owing to the paucity of 
its-blood supply, a uterine fibromyoma is very liable to degenerative 
changes, especially in the central parts of the tumour, where the 
vascularity is least adequate. Degenerative changes may occur at 
any time, but they are most common during pregnancy or at the 
menopause. Sometimes volvulus of a pedunculated tumour determines 
the onset. 

Mucoid or hyaline degeneration is the commonest type. It affects 
the celb of both the muscular and the fibrous elements of the tumour. 
The cells lose their definition, the fibrillar structure is lost, and a glassy 
hyaline material makes its appearance. As a result of the degeneration 
cystic spaces often develop, with rough, irregular walls and yellow, 
honey-coloured fluid content. Sometimes the cysts coalesce, and 
occasionally the greater part of the tumour becomes cystic. 

Bed degeneration, or necrobiosis, is a curious type of degeneration 
believed tojresult from fairly rapid interruption of the blood supply 
of a vascular tumour. There is much evidence to suggest that it is 
due to thrombosis or infarction, and that the peculiar changes arc 
due to fatty degeneration with the liberation of haemolytic lipoid 
substances. The condition is common during pregnancy, since a 
fibromyoma is then unduly vascular, but it may occur at any time. 

The central part of the tumour is affected first and to the greatest 
extent. It becomes softened, and in places almost of fluid consistency. 
On section it is seen to be of deep red colour, like raw meat, and it 
exhales a sickly odour. The red colour is due to htemoglobin, which 
is liberated by rapid htemolysis of extravasated blood cells. Micro¬ 
scopically there is extensive necrosis of the cellular elements, and nuclei 
are absent or faintly stained. In later stages, parts of the tumour 
liquefy, and irregular cystic spaces appear, containing structureless 
dibris and brownish fluid. Much of the affected tissue docs not become 
completely necrotic, and may survive and regenerate, hence the less 
preferable name, necrobiosis, 

Fai^j degeneration is very often visible microscopically, either alone 
or with other degenerative changes, but it is rarely met with to a degree 
appreciable to the naked eye. 

Calcification occurs most often in the avascular, subserous tumours, 
especially in elderly women. The calcium deposits may be scattered 
diffusely through the tumour, or may form a thin irregular shell close 
under the surface. Sometimes the whole tumour , may become calcified 
(the so-called womb-stone), and rarely such a tumour may loosen from 
its attachment and come to lie free in the peritoneal cavity. 

Infection is most common in sloughing submucous fibroids. In 
subserous fibroids it is apt to occur after torsion of the pedicle, the 
organisms presumably being blood borne. Rarely infection by blood- 
borne or^nisms may arise as a sequel to necrobiosis. 

MaU^piiuit Cliange in Ftinomyoma. It has been said that 1% of 
fihrt^yosiiaiSita eventually become sarcomatous, but general experience 
sug|p|ji|^ l^t thiais an undtdly high estimate of its frequency, and many 
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authorities agree that the malignant change Is extremely oreire.- 
Sarcomatous change has been observed most commonly in small areas 
in otherwise simple growths, and in these cases the diagnosis has been 
made upon microscopical examination after removal. 


ENDOMETRIOMA : ADENOMYOMA 

An endometrioma, or adonomyoma, is a simple tumour composed 
of glandular tissue and stroma rcsi'inbling the uterine imutosa, sometimes 
incorporated in masses of plain muscle tissue. Su(ih tumours are 
observed most often in the uterus, 
but tliey may arise in the ovary 
or in other parts of the pelvis, 
lower abdomen or abdominal wall. 

An endometrioma occurs only 
in females, and it arises always 
during the reproductive period, 
especially after the thirtieth year. 

It is remarkable in possessing a 
functional activity which corres¬ 
ponds closely to that of the 
normal endometrium. It under¬ 
goes the same cycle of changes, 
and at the menstrual periods it 
proliferates, becomes congested, 
and discharges blood-stained fluid. 

Rarely it may even become the 
seat of dccidua-formation. Its 
pathological features differ some¬ 
what according to their origin. 

A uterine endometrioma re¬ 
sembles an ordinary fibromyorna 
A'ery closely, and in some cases 
the distinction can be made only 
by microscopic examination. The 
tumour arises most often in the 
upper part of the body of the 
uterus, especially on its posterior aspect near the cornu, and it does 
not affect the cervix. In some cases it is more or less circumscribed, 
but usually it takes the form of a diffuse thickening of the uterine wail. 
When cut across, it presents a dull grey or pink appearance, and may 
be cystic. Under the microscope it is seen to contain tubules or cysts 
lined by columnar epithelial cells surrounded by a stroma like that of 
the normal endometrium, the whole embedded in fibrous tissue and a 
variable amount of plain muscle. 

An extra-uterine endometrioma is situated most often in relation 
to the ovaries or in the uterine tubes or the recto-vaginal septum. 
Occasionally it arises on the intestines, at the umbilicus, in laparotomy 
scars, or in the round ligaments of the uterus. In any of these situations 



Fio. 290. Endometrioma of uterus. 
Acini lined by columnar cells arc set 
in a stroma of fibrous tissue and 
pkiin muscle. 

(Department oj Pathoion, Unirenity of Obugou/.) 
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it is a small tumour composed of glands and stroma of endometrial 
type, often witli (iysts. 

• An ovarian endometrioma is usually represented by cysts of 
lisemon'Iiagic clmracter, often known as tarry or chocolate cysts. 
Often both ovaries are affected. The cysts are thick walled and usually 
are densely adherent to surrounding structures. They may rupture into 
the peritoneal taivity or may form localized fluid collections in the 
pelvis {see p. 703). Endometrioma in the recto-vaginal septum varies in 
size and may attain the dimension of the fcetal head. Usually it is 
a«i}»ercnt to the vagina and rectum, and it may invade these organs. 
Endometrioma of the intestines is a small timiour, single or multiple, 
situated on tlu; peritoneal aspect of the gut, especially on the pelvic 
colon. It appears as a roughening (a* granulation, and gives rise 
to dense adhesions. Umbilical endometrioma forms a small tumour 
which occupies the umbilical depression. At the menstrual period 
it erdarges visibly, assumes a red or purple colour, and becomes 
painful. It may become cystic or may open at the surface and discharge 
a blood-stained fluid. Endometrioma in laparotomy scars occurs generally 
after operations for ventral fixation of the uterus, and in appearance 
and behaviour it resembles the umbilical tumours. Endometrioma of the 
round ligament of the uterus forms a small rounded or oval mass situated 
either in the inguinal canal or in the groin or labium. It is generallj- 
ill-defined and adherent to neighbouring fascia-, or it may be circum¬ 
scribed and enea])suled. It may be mistaken for an omental hernia, 
and often a hernia is present. 

.'Etiology. Many theories have been advanced to account for 
endometrioma, and none is yet generally acceptable. It seems probable 
that the uterine and extra-uterine tumours differ in their modes of 
origin. 

It is generally agreed that a uterine endometrioma is due to 
sequestration of endomet rium in the wall of the uterus or in a fibro- 
myoma, and that tin; isolated mucosa causes a reaction of the tissues 
around it so as to form a tumour. It is believed that the dislocation 
of endometrium is favoured by chronic endometritis. 

The exact origui of extra-uterine endometrioma cannot be regarded 
as settled. At t)ne time it was thought that the tumour was derived 
fixnri remnants of the Wolffian body or of the Mullerian duct sequestrated 
during development, but such a thesis is inapplicable to endometrioma 
in such situations as the abdominal wall. 

At present there are two principal theories. The first, originally 
pro}>ounded by Iwauoff in 1898, and vigorously supported by Meyer, 
is based upon the fact that the endometrium, being formed from the 
Mullerian duct, is derived originally from the primitive coslomic epithe¬ 
lium and is thus closely allied embryologically to the lining cells of the 
peritoneal cavity. According to this serosa-epithelial theory, endome¬ 
trioma arises from peritoneal cells that have undergone metaplasia, either 
as a result of inflammation or in response to excessive secretion of oestrin, 
the hormone that normally controls endometrial hyperplasia. 

second theory, to which most authorities now acpiere, is the 
implaidli^toh theory put forward by Sampson. According to this view. 



CARCINOMA OF THE UTERUS 

endometrioma arises from adult endometrial^ cells that have set 
free from their uterine bed and implanted in other sites. Harbilz has 
shown that endometrium transplanted experimentally in rabbits 
readily takes root in other tissues, an<l there responds to the indueuec of 
ovarian hormones and undergoes the same perio<lie changes as normal 
endometrium. It is thought that in some cases, notably in endo¬ 
metrioma in laparotomy scars, the cells are dislocated from the uterus 
as a result of the operation trauma. In others, the transference of endo¬ 
metrium is believed to be due to a process of retrograde menstrual ion, 
whereby endometrial fragments discharged during menstruation are 
carried along the uterine tubes and cxtrmled into the peritoneal cavity. 


CARCINOMA OF THE UTERUS 

This is one of the commonest of all malignant tumours. In England 
and Wales it is responsible annually for the death of over 4,000 women, 
many in the prime of life. This mortality is only rivalled by that from 
cancer of the breast and cancer of the stomach. 

Carcinoma may arise in the neck or in the body of the uterus, and 
in these situations it differs greatly in its incidence, progress and 
effects. Carcinoma of the cervix uteri is common, affects women who 
have borne children, and progresses rapidly ; cancer of the body of the 
uterus is less common, occurs at a somewhat later age, principally 
affects nullipara:, and is less malignant. 

Carcinoma of the Cervix Uteri 

Over 90% of uterine cancers arise in the cervix. They arise most 
often during the age period from thirty-live to fifty years—the period 
of functional senescence of the uterus—^but are not uncommon a decade 
earlier. It is a striking fact that fully 96% of cases occur in women 
.who have borne children, and there can be little doubt that this 
incidence depends upon the liability of the cervix uteri to laceration or 
other damage during childbirth. It is generally stated that women of 
more than a^'erage fertility are especially liable, but Deelman and 
others have shown that when their relative preponderance in the general 
population is taken into account multiparse are little more subject to 
the disease than unipara:. The trauma of the first labour is the 
determining factor. It is interesting to note that cancer of the neck 
of the uterus is rare in Jewesses. 

The tumour may arise from the squamous epithelium covering the 
outer aspect of the cervix, or from the columnar cells of the endo¬ 
metrium lining the cervical canal or its glands. In some cases there 
is evidence that a cervical erosion provides the starting point. 

All tumours of the cervix ulcerate readily, and consequently X)ne 
of the first signs of carcinoma is haemorrhage, which is especially apt 
to occur after coitus. Infection commonly supervenes and results 
in a thin, sanious discharge, often irritating and extremely offensive. 
In the later stages there is grave toxaemia from septic absorption. 
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Gross Varieties. Carcinoma of the 
uterine neck, like growths elsewhere, exhibit 
variations both in outward appearance and in 
behaviour. It is customary to re<;ognize three 
principal forms which are variations from-the 
average rather than distinct types. 

(1) The Infiltrating Variety. This is the 
commonest and the most malignant form. It 
usually arises at the external orifice of the 
uterus at the site of an erosion or laceration, 
and spreads both on the vaginal aspect and 
along the cervical canal. Less often it is 
entirely within the canal, and is then not 
obvious on vaginal examination. The growth 
tends to infiltrate surrounding tissues, but 
does not project into the lumen to any great 
extent. Usually it ulcerates early. 

' (2) The Proliferative Variety. This is less 
common and is generally believed to be less 
malignant. It grows principally towards the 
lumen and forms a large, soft, fungating mass, 
which is very prone to bleed. In rare cnses 
it may attain such size as to fill the whole 


Fiu. SOI. Carcinonm uf 
the cervix uteri. The 
tumour is of infiltrat* 
ing type and has 
destroyed the greater 

E art of the cervix and 
egun to invade the 
body of the uterus. 
The surface of the 
tumour is extensively 
ulcerated. 

(Departmmt ^ Midivijery and 
apnteeology, univertHy of Sdin- 
burgh.) 

older women. It takes 
the form of a small in¬ 
durated plaque, whicli 
may be limited to the 
vaginal aspect of the 
cervix. Ulceration 
occurs early, but the 
growth spreads slowly 
and is somewhat less 
malignant than the 
oriiei* forms. 


vagina. 

(8) The Atrophic Variety. This is the 
rarest form, and is chiefly met with in 



llliCtQtCNOpical Fio. 292. Carcinoma of the cervix uteri, x 90. 

Amiearaiiees In most « of basal-ceU type, and is composed 

Appearances, inmost ^ alveoli of spheroidal cells, which have 

growth is a infiltrated the uterine musede. 




® ® ^ ^ (JSfoaorBfiair of SoytU CfOftgt «if PhytieUuu of BOiiAursk.) 
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carcinoma, but it differs in several respects from tumours of this 
class arising in the skin. It is composed of broad solid masses and 
branching columns of epithelial cells, but except in rare cases there 
are no cell nests, and prickle cells are usually absent. On casual 
inspection the tumour may be taken for a basal-cell carcinoma, but the 
cells usually show clear evidence of malignancy as indicated by mitotic 
figures and aberrations of form and nuclear character. 


Degenerative changes in the centres of the epithelial masses lead to 


irregular spaces which may simulate 
glandular acini, and further con¬ 
fusion may be caused by the almost 
invariable presence of inflammatory 
change due to septic infection. 

In a small proportion of cases 
the growth is a columnar cell adeno¬ 
carcinoma, and sometimes glandular 
and squamous elements coexist. 

Extension of the Tumour. Cancer 
of the cervix uteri has little ten¬ 
dency to disseminate and its gravity 
depends upon the tendency to local 
spread. The malignant cells soon 
invade the muscular coat, whence 
it is an easy step to the lymph 
vessels of the parametrium. Later 
the bladder, rectum, ureters and the 
peritoneum may be involved. The 
body of the uterus is sometimes 
invaded, but usually to a remarkably 
small extent. 



Lymph glands may be involved 293. Adenocarcinoma of the 

, " m, • • 1 1 i. body of the uterus, 

early or late. Ine principal lymph {Department of M^w^ery and Oj/naseolog]/, 

channels follow the uterme artery. VmvertUv of miniwgh.) 


Some of them terminate in small glands at the base of the broad 
ligament, while others pass directly to glands along the iliac vessels 
and in front of the sacrum. Often glandular enlargement found at 
operation is of inflammatory origin, due to superadded septic infection. 

Extension of the disease beyond the uterus may cause distressing 
complications in the later stages. Involvement of pelvic nerves gives 
rise to severe pain. Invasion of bladder, ureters and rectum may lead 
to fistulse between these channels and the vagina. . More frequently, 
pressure upon the ureters leads to hydronephrosis and suppurative 
nephritis, and eventually causes suppression of urine. Chronic uraemia 
is one of the most frequent causes of death. 


Cancer of the Body of the Utonis 

Less than 10% of uterine cancers affect the corpus uteri, and 
growths in this situation differ from those at the cervix in both 
incidence and behaviour. Nulliparae arc far more liable to corporeal 
tham to cervical cancer, and are affected in a consid^ble proportion 
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bf cases. The age incidence is somewhat later and the disease is 
rarely seen before the menopause. This feature aids early recognition, 
for the cardinal sign, htemorrhage, is more likely to attract notice 
after the menopause than at an earlier age. Cancer of the body of the 
uterus frequently occurs where the organ is the seat of fibromyoraa, and 
it is sometimes held that there is a relation between the two conditions. 

The tumour arises 
in the endometrium, and 
forms a mass of soft 
consistence which pro¬ 
jects towards the 
uterine cavity. Several 
varieties arc described, 
according as the tumour 
is bulky or ulcerating. 
The ulcerated form is 
the less common. Some¬ 
times there are multiple 
nodules of carcinoma, 
which project in poly¬ 
poidal fashion from 
different parts of the 
wall. Occasionally the 
whole endometrium is 
affected diffusely. 

Microscopically, the 
growth is an adeno¬ 
carcinoma. It is com¬ 
posed of columnar cells, 
which for the most part 
arc arranged in acini. Sometimes the a(;ini are few and the cells lie in 
solid masses—the so-called carcinoma simplex. The acini are usually 
irregular in size and shape, but sometimes they can hardly be distin¬ 
guished from the glandular spaces of normal endometrium. In such 
cases the diagnosis is made upon evidern-e of invasion of the growing 
edge, and upon changes in cell foi-m and nuclear structure. 

The progress of cancer of the body of the uterus is slow, and thus the 
prognosis after operative removal is more liopeful than in cancer of the 
cervix. For a long time the disease may be limited to the uterus itself. 
Eventually the parametrium is reached, and neighbouring viscera may 
then be affected. The lymph glands arc involved at a late stage. 



Fio. 294. Adeiiocumnoiiia of the corpus uteri. 
X 276. The tumour is roinposed of eolunmar cells 
arrangetl in irregular acini. 

{Laboratory of Soyal Coilege of l‘fiy»ician» of Edinburgh.) 


SARCOMA OF THE UTERUS 

Sarcoma of the uterus is an uncommon form of growth. It may 
occur at any time of life, even in infancy, and, unlike carcinoma, 
it is considerably more apt to involve the body than the cervix. 

Sarcoma may arise in the fibromuscular wall of the uterus or 
in tl^ limdometrium. Often it is- impossible to determine the exact 
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origin, but tliere is no practical disadvantage in this, lor the tumours' 
do not differ in any important particular. 

It is generally stattni that sarcoma coinmonly arist's in iibromyoma 
of the uterus, but it seems probable that this view is inactmratc and that 
sarcomatous change in a Iibromyoma is exceedingly rare. Sometimes 
the oi‘igin of the tumour may be traced to the plain muscle fibres of 
the uterus, and the growth may then be regardetl as a myo-sareoma. 
Rarely stripeti-muscle fibres arc present, and the tumour must then be 
looked upon as a mixed mesoblastic tumour. 

Whether derived from the fibromuscular wall or the endometrium, 
a ut(*rine sarcoma may be circumscribe<i or tliffuse. 

Circumscribed Sarcoma. A <'ireumseribed sarcoma forms a soft 
tumour, whi(th grows rapidly and may attain considerable size. The 
cut surface is usually brain-likt‘, of greyish colour, but interrupted in 
plac(‘s by areas of necrosis and luemorthage, or by irregular cyst-like 
cavities containing debris and blood clot. Microscopically, there are 
i*ound and spindle-shaped cells, and sometimes multinucleated giant 
e-ells. 

Diffuse Sarcoma. A diffuse sarcoma usually appears to originate in 
the endometrium, and it may spread over the greater part or the whole 
of the inner aspect of the uterus. In such a case the uterus is uniformly 
enlarged, and resembles the pregnant uterus. The endometrium is greatly 
thickened, and its surface shaggy and ulcerated or covered by nodular or 
polypoidal outgrowtlis. In some e.ases the line of separation between the 
endometrium and the fibromuscular wall is distinct, but often both 
layers are diffusely infiltrated by the tumour. Microscopically, sphulle 
cells and round cells are present. Blood vessels arc numerous, large and 
thin walled. The epithelial elements of the endometrium are usually 
destroyed, but occasionally a few of the endometrial glands persist and 
are recognizable. 

Two special varieties of uterine sarcoma deserve further mention :— 

(1) Recurring Polypi. In a certain proportion of cases recurrence 
takes place after ciirettagc of submucous uterine polypi, and eventually, 
after repeated recurrence, true malignant invasive properties may 
develop. In some such cases no doubt the tumour is a submucous 
Iibromyoma that has undergone sarcomatous eliange. In others the 
tumour is probably of low-grade malignancy from the beginning. 

(2) Grape-like Sarcoma (Sarcoma Botryoides). This tumour may 
occur in infancy, childhood or adult life. It arises in the cervix and 
projects towards the vagina, where it forms a lobulated mass somewhat 
resembling a bunch of grapes. Sometimes the tumour attains great size, 
and it may fill and distend the whole vagina. The tumour is composed 
of round or spindle-shaped cells set in a very cedematous matrix which 
explains iif> soft, cyst-like character. 

TUMOURS OF THE CHORION 

The chorion, the outer covering membrane of the embryo, is endowed 
witli the property of invading the uterine wall. In virtue of this property 
it ensures the proper implantation of the ovum and its subsequent 
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nutrition from the maternal blood stream. In normal circumstances 
this great capacity for proliferation and invasion-is restrained, and only 
proceeds to the extent required by the needs of ^e embryo; and at 
the end of pregnancy the whole zone of invasion is^qast-ofif in the 
placenta. In rare cases, however, and in circumstances at present 
unknown, the invasion of the chorion proceeds unrestrained, and a 
tumour results. 

It is necessary to consider first the normal structure of the part. 
The chorion is an embryonic tissue and consists of a stroma of meso- 



Fio. 295. Enlarged uteriKs containing hydalidifonn mole. As a con- 
seciuence of fixation in formalin, many of the grape-like polypi have 
shrunk. 

(Deparlvient of MHwifery and Qytwfrology, Utwnrsity of Editdmryh.) 


blastic origin and a covering layer, the trophoblast, derived from 
ectoderm. The trophoblast is made up of two layers, an innei* layer 
of a single row of Lar^hans cells—^large, well-defined, cuboidal cells with 
dark nuclei and clear cytoplasm—and an outer layer, the syncytium, 
which is composed of dense protoplasmic masses containing many 
nuclei. 

At an early stage in its development the chorion is raised into 
innumerable villi, each of which consists of a • mesenchymal core 
cojd;aining primitive blood vessels and surmounted by the two layers 
of i^e trophoblast. The outer layer, the syncytium, destroys the 
suiiltoding maternal endometrium and erodes its vessels, so that the 
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maternal blood flows into irregular spaces around the villi and comes 
into close relation with the fcetal blood inside the villi. 

Chorionic tumours retain this propensity for erodmg maternal blood ^ 
vessels, anH, as a result, they tend to bleed profusely and also to dis- * 
seminate early by the blood stream. • Even apart from tumours, 
fragments of the chorion are sometimes set free in the blood stream. 
Accor;ding to Schmorl, such 
deportation of small chorionic 
emboli occurs in almost 80% 
of normal pregnancies, and 
in a few cases on reaching 
the lungs these emboli may 
assume active growth. 

Tumours of the chorion 
vary greatly in appearance 
and behaviour, and there is 
a continuous range from the 
simple to the excessively 
malignant. The most simple 
type is the hydatidiform or 
vesicular mole. This is some¬ 
times regarded as a degenera¬ 
tion product of the placenta, 
but there seems little doubt 
that the degenerative changes 
have an underlying neoplastic 
basis. Next in the series is 
the invasive mole, or chorio¬ 
adenoma (Ewing). This is 
sometimes classed as a form 
of hydatid mole, but it differs 
essentially from this in the 
extent of invasion of the 
uterine wall, and, as Novak 
has pointed out, it is better Hydatidiform mole, 

regarded as a carcinoma of {Museum of Rau<a CoUege of surgeon* of Minburuh.) 

low malignancy. Lastly, there is the choriocarcinoma {chorion- 
epithelioma), a growth of intensely malignant character. 

All the tumours of this class differ in one important respect from 
most other neoplasms, namely, that they are not derived from the host 
but from another individual, the embryo. They are parasitic growths, 
and in this respect they are comparable to certain kinds of teratoma. 

Hydatidiform Mole ( Vesicular or Placental Mole). This condition is 
generally regarded as a degenerative change affecting the chorion, but 
there is evidence to suggest that in some cases at least it is more 
correctly looked upon as a form of abnormal proliferation bordering on 
neoplasia. It is a rare condition, and is said to occur only once in 
every two or three thousand pregnancies. Multiparse are affected 
more often than primigravidse, and sometimes the disease reappears 
at subsequent pregnancies. The mole starts in the early months of 
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pregnancy, and is rare after the fourth month. When it occurs early 
and affects the whole placenta the embryo disappears and no traces of 
it can be found. When the mole occurs later, or when it affects only 
a part of the placenta, the embryo may survive for a short time, but 
sooner or later abortion occurs. The mole is usually cast off at the 
time of abortion, but a part of it may remain in the uterus and 
continue to grow. 

The mole i^^coraposed of clusters of small, tense lobules, which are 
often likened tp white currants or small grapes. Sometimes it may 
attain a weight of two or three pounds. Haimorrhage occurs readily, 
and often the mole is partially buried in clots of blood. 

Microscopic examination shows that the grape-like structures are 



Fio. 207. Ilydutidiforin mole, x 90. The villi, which are seen in 
cross-section, have a characteristic hladdcr-like appearance, due to 
mucoid degeneration of the supporting stroma. 

(TjohoraUiry of Hoyal CoUfije of Vhyiririans of Edinburgh.) 

distended, hyperplastic villi of the chorion {see Fig. 297). The central 
core of each is composed of myxomatous tissue in a state of extreme 
oedema, and to this the tense, shining appearance of the lobules is due. 
The two layers of the trophoblast are present on the surface, and often 
show signs of active proliferation. 

Invasive Mole {Chorioadenoma Destruens), This is apt to follow a 
simple hydatidifonn mole, either within a short time of its discharge or 
after a period of several months. It forms' a bulky tumour which fills 
the uterus and burrows into its wall. Sometimes the uterine wall is 
honeycombed by tumour tissue and areas of hferaorrhage, and occasion¬ 
ally the tumour penetrates as far as the peritoneum. It may then 
cai^ death by heemorrhage into the peritoneal cavityi. 

microscopic appearance is characteristic. The tumour differs 
Ifrom chnriocarcinQina in containing all the elements of the chorion. 
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■j* 

both the mesenchymal core and the epithelial trophoblast. The con¬ 
nective tissue is celluUar, and may be swollen by oedema. The Lan^hans 
cells are increased in number, and instead of forming a single row they 
lie in broad sheets of irregular shape. The syncytial buds arc large 
and abundant. 

In most cases the growth remains limited to the uterus, but 
occasionally it metastasizes either in the pelvic tissues op in the 



Fiq. 298. Choriucaremoma of the 
uterus. The tumour is situated 
at the fundus of the uterus. A 
part of it projects into the 
uterine cavity, while the major 
part infiltrates the wall adjacent. 

(Muteum of Royal College of Surgeone of 
Rdinburgh.) 



Fin. 299. Choriocarcinoma. X 275. The tumour 
is composed of confused masses of chorionic 
epithelium. The middle part of the figure is 
occupied by syncytial masses, while above and 
below there are collections of Langhans cells. 

{Laboratory of Royal College of Phyeidane of Ediidmrgh.) 


lungs. Rarely metastases have been found in the vagina, projecting 
from the wall as small circumscribed tumours of bluish colour. 

Choriocarcinoma (Chonon-epithelioma). This is the most actively 
progressive form of chorionic tumour, and is one of the most malignant 
of all tumours. It is composed of the cells of the trophoblast alone, 
and the mesenchyme of the chorionic villi takes no part in its formation. 
Usually the tumour develops in retained portions of a hydatidiform 
mole, but it may occur in an otherwise normal pregnancy or puerperiura. 
Occasionally it has been observed several years after childbirth or 
abortion In the great majority of cases it arises in the uterus, but 
occasionally in the vagina, uterine tube, or ovary. Tumours of the 
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structure of choriocarcinoma have occasionally beeii observed in other 
situations, for instance in the testis. Such tumours are to be regarded 
as teratomata, with a preponderance of ectodermal structures. 

In the uterus the tumour commonly arises at the placental site, 
near the fundus. The principal mass of the tumour lies in the muscular 
wall and projects on the inner aspect of the uterus. Sometimes it 
extends to the peritoneal surface. It forms a soft friable mass, and 
owing to haemorrhage it is of claret or maroon colour. The surface is 
ulcerated, and bleeds freely. 

Microscopically, there are islets of actively growing cells of the 
Langhans type, mingled with irregular masses and strands of syncytium. 
Blood vessels are particularly susceptible to the invasive properties of 
the syncytium and therefore large extravasations of blood surround 
and infiltrate the growth. The uterine wall is extensively invaded, and 
tumour cells may sometimes be seen lying in the lumen of the blood 
sinuses. The growth possesses no stroma, and has no blood vessels 
of its own. It derives its whole nourishment from extravasated 
blood. 

Choriocarcinoma progresses rapidly, and unless hysterectomy is 
performed death usually takes place within from six to eighteen months. 
The growth disseminates by the blood stream, especially to the lungs. 
Sometimes secondary growths appear in the vaginal wall and elsewhere 
in the pelvis. It is often stated that metastases may disappear spon¬ 
taneously after removal of the primary growth, but according to Ewing 
such behaviour is rare in true choriocarcinoma though not uncommon 
in syncytioma. 

Syncytioma. In 1895, Marchand, who was the first to demonstrate 
the chorionic origin of chorion-epithelioma, distinguished two forms, 
the typical form (which corresponds to the description of chorio¬ 
carcinoma above), and the uncommon atypical form. The latter is 
now generally known as a syncytioma. It is a bulky tumour which 
infiltrates the uterine wall, but it differs from the “ typical ” form in 
its great tendency to undergo retrogression. It is composed of large 
giant cells with the general characters of chorionic syncj'tium. These are 
scattered diffusely and mingled with masses of fibrin and necrotic 
dibris, in which are numerous wandering and inflammatory cells. The 
condition is sometimes regarded as a distinct tumour with a definite 
tendency to retrogression, but according to Ewing it is merely a 
degenerative form of one of the less malignant types of chorionic 
tumour. 

Ovarian Changes with Chorionic Tumours. Matchand drew atten¬ 
tion to the frequent association of ovarian cysts with chorionic tumours, 
an observation which has been amply confinned by subsequent experi- 
<mce. The cysts are of lutein type and may affect both ovaries and be 
so. large that they are palpable above the pubes. Their cause is not 
known. The hormone ItUein is believed to control implantation of the 
qvum, and it may also control growth of the chorion, but there is no 
eyidenoe that abnormal lutein -production predisposes to the growth of 

tuipoar. It is known that the corpus luteuni itself jbi controU^ by 
sedtetions, possibly of placentsd origin, and the bvarism cysts are 
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probably due to excessive production of this secretion. This would 
explain the disappearance of the cysts which'sometimes follows success- 
ful removal of the tumour. 


SALPINGITIS 

Salpingitis' results usually from an ascending infection from the 
uterus and vagina, less commonly from a contact infection from adjacent 
structures, such as the appendix, and rarely, apart from tuberculous 
salpingitis, from hsematogenous infection. The majority of cases of 
acute salpingitis are of gonorrhoeal origin. 

Chronic salpingitis, excluding tuberculous disease, is almost always 
a sequel to an acute or subacute attack. In virtue of the innumerable 
folds and crevices in its mucous membrane, the tube forms an ideal site 
for the maintenance of infection, especially by organisms of low-grade 
virulence, such as gonococci. Chronic gonococcal salpingitis is therefore 
common. 

Gonococcal salpingitis may have an acute onset, with severe local 
and general effects, but rather more frequently the onset is subacute and 
of mild type. 

The disease may arise a short time after the primary infection, or 
after a long interval. If delayed it may depend upon some exacerbation 
of the disease in the urethra or cervix, or it may represent a recru¬ 
descence of an earlier mild infection of the tube. Usually both tubes 
are affected. 

The mucous membrane is principally involved, and its many folds 
become congested and greatly swollen by oedema. At an early stage 
the hmbrise are swollen and turgid, and from the abdominal ostium a 
few drops of yellow pus may be expressed. At this stage there is com¬ 
monly a mild degree of peritonitis, principally limited to the pelvis. 
The pelvic peritoneal surfaces are congested and lose their normal sheen, 
and the cavity contains a small quantity of sero-purulent exudate. In 
some cases the peritonitis is more extensive. The whole lower abdomen 
may be affected, and the coils of ileum may be glued together by lymph 
exudate. A purulent collection may form in the pelvis. 

The acute phase almost invariably subsides in the course of a short 
time, but complete resolution often does not occur. There is a very 
great tendency to the formation of adhesions, either delicate filmy 
membranes, or tough bands of fibrous tissue. 

In chronic salpingitis the tubes are fibrous and thick walled, and are 
often buried with the ovaries, uterus, bladder and broad ligaments in a 
solid fibrous mass, and the pelvic colon and pelvic coils of ileum also 
may be involved. In some cases, when the tubes are thickened and 
fleshy, numerous nodules piay develop in the tubal wall and project 
both into the lumen and under the serous surface. Such a nodular 
.thickening develops most frequently at the isthmus of the tube, «'.e,, 
where the tube joins the utcsrine cornu (salpingitis istkmica nodosa). 
Microscopically, the nodules are seen to contain numerous gland-like 
acini, are lined by mucous membrane, surrounded by hypertrophied 
bundles of muscle and fibrous tissue. It is presumed that in such <^s«es 
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portions of the mucous membrane have been forced by intra-tuba 
pressure into the muscle wall of the tube, and that the epithelium of the 
diverticula thus produced has proliferated as a response to the presence 
of a chronic infection. 

S(»netimes the lumen of the tube remains patent, but usually its 
two orifices become occluded, and it may then distend with waterj 
fluid or with pus (hydrosalpinx and pyosalpinx). 

Hydrosalpinx occurs when the infection is of a mild degree oi 
virulence. The tube is dilated by watery fluid derived from its linin| 
cells, and eventually it may attain considerable size and All the greatei 
part of the pelvis. The fimbriated orifice is occluded, partly by annulai 
fibrosis, and partly by retraction of the fimbri® into the tube; and ofter 
the occlusion is so complete that the site of the orifice cannot be 
distinguished. The lateral end of the tube dilates to the greatest extent, 
and as dilatation is restrained by the peritoneal covering it graduall) 
assumes a characteristic retort shape. The walls are sometimes thk 
and translucent and are readily torn. 

Pyosalpinx results when the infection is somewhat more severe, 
The uterine ostium is occluded by oedema, and the abdominal ostium 
is closed either by indrawing of the fimbri® or by a kind of siickei 
action, whereby the fimbri® adhere to adjacent structures. The tub< 
becomes distended, but usually not to the same degree as in hydro* 
salpinx, for its walls are inflamed, thickened, and infiltrated with 
polymorphs, lymphocytes and plasma cells. Sometimes, especially ir 
tuberculous infections, a pyosalpinx may attain great size. Often th( 
surrounding tissues and coils of intestine are adherent. Not infrequently 
the abscess is not limited to the tube itself, but lies in a cavity wallec 
in by adhesions between tubes, broad ligament and ovary, a tvbo- 
ovarian abscess. The ovary itself may be infected, especially if a large 
Graafian follicle is present, and sometimes it is almost completely filled 
with pus. 

Usually the pus is yellowish-white and odourless, but it may be of a 
dirty colour and foul smelling. Often, despite this appearance, cultures 
yield no growth, for the causative organisms, gonococci and theii 
associated non-h®molytic streptococci, tend to die out on prolonged 
sequestration. For this reason active surgical treatment is not usually 
required. In a few cases the abscess is infected secondarily by Bacilltu 
coli, or other organisms. 

Tuberculous Sa4>iiiSitfs. Tuberculous salpingitis is not uncommon, 
but since the gross appearance often diflers little from non-tuberculous 
salpingitis its specific character is not always obvious. The disease is 
invariably secondary to tuberculosis in other parts of the body, and is 
generally attributed to h®matogenoiis infection. It is usually bilateral. 

Tubercles develop in the mucous and submucous coats, which become 
infiltrated with lymphocytes and endothelial cells. Tubercles may 
devde^ ^$0 under the subserous coat, and in this case the diagnosis os 
direct ifU^pectiphls . In many cases the tube k distended witfc 

caseoint :^tevisd thatl^esembles a pyosalpinx. Adhesions surrounc 

tube tmd bindit viscera. 

^ |(i£^jl^i|pu|ous U^pingitis ii(|fi|^uently associated with some degree ol 
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tuberculous peritonitis. In some of tliese cases it is possible that the 
tube is infected from the peritoneum, but more frequently the peritoneal 
lesions are secondary to tuberculosis of the tube. The practical 
importance of this is that removal of the diseased tube qaay promote , 
recovery from the peritonitis. 


TUMOURS OF THE UTERINE TUBES 

Tumours of the uterine tubes are rare. The least uncommon are 
malignant adenoma and carcinoma. Papilloma, sarcoma, fibroma, 
teratoma, lymphangioma, and other forms of growth have been described. 
Primary carcinoma occurs usually at about the period of the menopause 
and iif 80% of case.s the disease is bilateral.* On inspection it may be 
mistaken for chronic salpingitis with pyosalpinx, which it somewhat 
' esembles. The tube is enlarged and thick, and may contain watery fluid 
or pus. Much of the lumen is occupied by a friable cauliflower-like 
growth which may be cystic in places. Usually the tumour is an 
adenocarcinoma. It is generally supposed to arise from the mucous 
membrane of the tubes, but an origin from Wolffian remnants in the 
parovarium has been suggested. In some cases there is evidence that 
the tumour arises on a basis of old inflammatory disease in the tube. 

The uterine tubes are often involved in secondary carcinoma derived 
from the uterus, ovary, rectum, colon or stomach. 

CYSTS AND TUMOURS OF THE OVARY 

The ovary is a common site for cysts and cystic tumours. These 
vary greatly in nature and appearance. Many are of simple type, and* 
result from distension of a Graafian follicle or coiqjus luteum, others 
have the characters of simple neoplasms, while yet others exhibit 
malignant properties. Solid tumours also occur in the ovary, but are 
less common. The cysts in most cases conform to regular types, 
but a certain proportion are of a mixed or atypical chara<;ter, 
and defy exact classification. The following are the principal types :— 

Simple Cysts 

(1) Follicular and luteal. 

(2) Endometrial. 

(8) Blood.^ 

Solid and Cystic Tumours 

(1) Multilocular or compound cystadenoma (pseudomucinous cyst). 

(2) Papilliferous cystadenoma (papillary or serous cyst). 

(8) Teratoma (dermoid cyst). 

(4) Granulosa-ccll tumour. , 

(5) Arrhenoblastoma. ^ 

(6) Primary carcinoma. 

(7) Secondary carcinoma. 

(8) Connective-tissue tumoiu's. 
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FoUfcular and Luteal Cysts 

During the reproductive period of life a succession of changes 
.* occurs in the Graafian follicles, whereby they mature, discharge their 
‘ ripe ova into the peritoneal cavity, and then develop into corpora 
lutea. It is certain that at least one ovum is set free during every 
menstrual cycle, and consequently the follicles which attain maturity 
between puberty and the menopause number several hundred/ The 
normal ovary at birth, however, contains an immense number of 
immature follicles, probably in the neighbourhood of 30,000, and the 
vast majority of these gradually undergo atrophy or atresia. It is evident 
that in adult life the ovary will contain follicles in all stages of develop¬ 
ment, atresic follicles, immature and mature follicles, and corpora lutea, 
and any of these may undergo cystic change. It is generally believed 
that in adults the cysts arise principally in mature or almost mature 
follicles, but atresic follicles are also liable to cystic change. Cyst 
formation is usually attributed to chronic inflammation or congestion 
of the ovaries, but it must be admitted that there is not always evidence 
of this, and it seems likely that sometimes the origin is to be found in 
perversion of physiological processes in the follicle, rather than in any 
gross pathological factor. 

FoUieiilar cysts are most common during the reproductive period, 
but they may occur in childhood or even in infancy. They are rare 
after the menopause. The cysts are usually multiple and bilateral, 
and in some cases both ovaries are almost completely involved. The 
cysts are generally small, and rarely distend the ovary beyond the size 
of a golf ball. 

The cysts are unilocular and contain watery fluid, which occasionally 
is coloured by old or recent blood. The walls are smooth and fibrous, 
and the smaller cysts are sometimes lined by a single layer of columnar 
or cubical epithelium. Often the cyst wall contains lutein cells similar 
to those of the corpus luteum, but differing from them in being derived 
from the theca interna and not from the membrana granulosa of the 
follicle. 

Lutein cysts are much less common than follicular cysts. They are 
usually single and may attain the size of a walnut, or even of a hen’s 
egg. A characteristic feature is the presence of a thick fibrous wall of 
wavy contour and bright yellow colour. The wall contains numerous 
luteal cells, large rounded cells containing quantities of cholesterol and 
other lipoids, to which the yellow colour is due. Sometimes a lining 
membrane of cubical cells is present. The content of the cyst may be 
clear watery fluid but it is often blood-stained. 

Occasionally luteal cysts are multiple and bilateral (compound 
luteal cyst). These are usually related to pregnancy or to hydatid 
moles or choriocarcinoma. The cysts may attain the size of the foetal 
l^ead. After parturition, or after removal of the mole or carcinoma, 
they may diminish in size (see p. 698). 

EnAnnetrlal Cysts (Chooq^te Cysts) 

- ^ l^ado^^isi of the ovary are most common between the ages 
Wtvrfive veaxs. and thev are unknown before nufaertv. 
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and rare'after the menopause. They are small cysts, usually from 
2 to 4 cm. in diameter, and often both ovaries are affect^. 

The cysts are due to hsemorrhage from ectopic endometrial tissue 
{see p» 687), and on microscopic examination such tissue may be seen 
in small areas of the cyst wall. The haemorrhage occurs at the menstrual 
periods, for the ectopic endometrium undergoes the same cycle of 
functional activity as nonnal endometrium. The content of the cysts 
resembles menstrual blood. It remains fluid and acquires a tarry or 
chocolate colour. 

An endometrial cyst, when small, lies under the surface of the ovary, 
but when distended by recurring bleeding it is very apt to perforate 
and to discharge its contents into the peritoneal cavity. The endo¬ 
metrial* blood being irritant stimulates peritoneal adhesions, which 
generally are limited to the pelvis, but may sometimes implicate the 



Fig. boo. Bilateral follicular ovarian cysts. 

IDepartnmU of Midwifery and Oyncecology, Onivereity of Kdwbwrgh.) 


intestines. In some cases the effused blood is not absorbed, but forms 
a fluid collection in the pelvis and becomes circumscribed by adhesions 
which bind together the ovary and the posterior surface of the uterus. 
The adhesions may be very dense and hard, and the condition may 
simulate a tubo-ovarian abscess or a tumour. Continued activity of 
the aberrant endometrium may cause the fluid collection to increase in 
amount. 

Blood Cysts: Haematomata 

Hsemorrhage is most apt to occur in endometrial or in luteal cysts, 
but it is not infrequent in other types. In large cysts it is especially 
apt to arise when torsion or kinking of the pedicle leads to obstruction 
of the venous return. The ovary becomes tense with extravasated 
blood. The cyst may rupture, and a considerable amount of blood may 
then collect in the peritoneal cavity. In most cases, however, the blood 
clots and is ultimately absorbed. Occasionally infection of the clot 
leads to abscess formation. 

/ 

Muttilocular Cystikdaioina (Pseudomucinous Cyst) 

This is the commonest of all ovarian tumours. It is a true tumour 
and results from proliferation of ^ithelial cells, which are probably**. 
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derived from downgrowths froiij'tfte germinal epithelium. The tumour 
undergoes cystic dilatation by the secretory .products derived from its 
epithelial cells. As the tumour grows, its epithelium projects in various 
directions in a somewhat complicated manner, and jn this way secondary 
loculi develop either inside the principal cyst or in the substance of its 
wall. ‘ 

Pseudomucinous cysts are usually unilateral, but in a small propor¬ 
tion they are bilateral, if untreated, they sometimes attain great 
size, and in pre-operation days cysts of 50. Ibl or even 100 lb. weight 
occurred. They rarely spread* towards the broad ligament, and in 
the great majority of .cases they become more and more pedunculated. 





Fjo. .301. Multilocular (pseudomucinous) oystadenoma of the ovary. A 
section of two portions of the cyst wall. X 275. The lining mem¬ 
brane is composed of tall columnar cells containing large globules 
of pseudomucin. 

(Laboratory of ILryal CoHeye of Phytieiant of Bdinburgh.) 


and project upwards into the abdomen. The cysts are of rounded form 
and smooth surface, with imdulations corresponding to the different loculi. 

Microscopic examination shows that the cyst wall is composed of 
fibrous tissue lined by a layer of columnar epithelium. The epithelium 
consists of a single row of tall columnar cells, of remmrkably uniform 
V appearance. Each cell has a deeply placed nucleus and a peculiarly 
clear protoplasm. In places the epithelium is raised into papillary 
processes, but not so commonly as in the papillary type of cystadenoma. 

The cysts contam glairy, mucoid material of a ropy consistency. 
Sometimes it is quite clear and almost colourless, but often it is turbid 
and cholesterol crystals, and it may resemble pus. Often it 
is ^tifiged with altered blood pigment. Th« glairy material is pseudo- 
mtmin, a s|festence that diifj^ from muci^n its staining reactions and 
m the fk^v adth which it may be urecioitated by acetic acid. 
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TB^ tumours usualljr folloi)^..a ^nign course, Ijut there are inter¬ 
mediate forms which possess some of the characters of a papillary cyst- 



Fjo. 802. Bilateral papillary cystadenomata of the ovaries. 

(DgpartToeni of Midwifery and Qynmeciogy, UnivereUy of Edinburgh.) 



Fio, 803. Papillary cystadenoma of the ovary. X 275. The tumour is 
composed of columnw epithelial cells arranged ia a p^illary forma¬ 
tion upon dne brancldug cores of connective tissuJb The malignant 
character is indicated oy tlM/ complex structuM^ by the nuclear 
hyperohromatosis aiul by the presence of mitotic figuref, 

[Laboratory cf BoyoLOM^ cf jPhifaieUmt of JKStnteivS-) 

tff if," ' 

adenoma, and these occasion^ exhiliiit tna%aaot properties. 

P^uncolatkm favours the occurrmce oi^yolvulus crfwe Oc^ion* 
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AUy a cyst ruptures and discfiarges mucoid malciial into the peritoneal 
cavity* leading to the condition of pseudomyxoma peritonei (see p. 544). 

Papillary Cystadenoma 

Papillary cysts are much less common than the pseudomucinous 
cyst, but they are by no means rare. They are characterized by more 
vigorous growth on the part of the epithelial cells, which project either 
into the cysts or on thcir outer aspect, m the form of multiple warty or 
papillomatous excrescences. Both ovaries are usually affected! In 
each ovary tho^ is generally one principal cyst, sometimes with a 
number of small subsidiary ones in its wall. 

The cyst attains moderate dimensions, and rarely grows lo such 
great size as a multilocular cystadenoma. It differs also in the character 
of the content, which is of watery consistency and contains albumin 
but no pseudomudfn. 

The most characteristic feature is the presence of papillary processi s. 
Usually these are limited to one portion, and project internally into tin 
cyst, but sometimes they cover the whole wall, and may grow to such 
an extent as to fill the greater part of the cyst. Not infrequently similar 
papillary processes grow also from the outer aspect of the cyst, and 
project into the peritoneal cavity. This type is very apt to become 
malignant. 

Microscopically, the cyst has a lining of low columnar or cubical 
epithelial cells, which are sonieiiraes ciliated. The papillary processes, 
which are covered with epithelium of a similar type, vary greatly in form 
Some are of simple structure, but others braiudi in complicated fashmti 
and show evidence of proliferation. 

Papillary cysts arc on the borderline of malignancy, and 
cancerous cliange develops in a considerable proportion, prob.ibi 
about 20%. Malignancy is especially apt to take place when papiilui 
growths project from the outer surface, but such projections are not a 
necessary prelude to maligmuicy. Frequently the cells are disseminated 
into the peritoneal cavity, and set up nietastases either in the pelvis 
or throughout the abdomen. Surli dissemination may occur even when 
the cyst shows no gross evidence of malignancy. Remarkably enough, 
removal of the primary tumour may cause temporary retrogression or 
even disappearance of the metastases, though ultimately they almost 
always recur and prove fatal. 

Teratoma (Dermoid Cyst) 

Teratoma of the ovary is not uncommon, and is said to constitute 
Hbout 10% of aH^ ovarian tumours. It is generally described as a 
deiypold cy$t» but as it contains tissues derived from all the three 
it is rightly regarded mi a teratoma. It is a benign 
tumouil, ISfvH !>k rdre cases, mal^ant el|fuige may supervene. The 
tuiiaour andl raaMy attains gi^t size. In a small propor- 

ticMn of bvatkhi are affected, i^he greater part of the tumour 

is cystH end eontslHS fotty sebaoeomi Material and often masses of 
hair aiyd epitheUed ddMtu The cyai la lined by stratified aquamous 
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epithelium in which hair follicles and sebaceous and sweat glands 
may be recognized. At one side of the cyst there is usually a raised 
teeth may project from its surface. The wall deep 
contains various tissues derived from mesoderm and 
entoid^nn. Cartilage, non-striped muscle and glandular acini prepon- 
aeratie^ and bone, thyroid tissue and even nerve cells may be present. 
Ocotf$k)nally tissue resembling the chorionic epithelium is found. 

It is obvious that such a teratoma arises from totipotent cells, and 
thcr#' are two principal views in regard to its origin in the ovary. 
It ' as been suggested that it is derived from germ cells, ova, that 
have undergone a kind of parthenogenctic development, for it is known 



Fio. 304. Tcraloma (dermoid cyst) of the ovary. A quantity of hair is 
seen growinjf from the wall, and several teeth project inside the cyst. 
{Departmertl of Midwifery and Qymecology, Vnieersity of Kdinburgh.) 


that the ova of certain lower species may be stimulated to growth 
without fertilization by spermatocytes. But such a theory takes no 
account of the occurrence of similar teratoma in the testis, and there 
are other pertinent objections to its acceptance. The prevailing view 
is that the teratoma is derived from dislocated blastomeres, which are 
known, in lower vertebrates at least, to be capable of forming a com¬ 
plete embr 3 m. 


Granulosa-cell Tumour 

This somewhat uncommon tumour occurs at any age, but ^specially 
in women who have passed the menopause. Tbe tudaour ee|^ resemble 
the normal cells of the membrana granulosa of follicle. 

The special interest of the l^^our Ues in the faei^thnt it appears to 
produce an internal seoretion jwhicb ^tnnujatos^f 
and leads to enla|;gement of j|[l|e,uf$|Ws and in^on 

The tumour is generall 3 i{;.%hi]ajteral, and iM^dly of ben%n type. 
In a smaU proportion of cases; however, it ia xnalignant. Generally, it 
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is of moderate size, although there are examples r^r^ed in which the 
tumcmr has attained the size of a man’s hei^' - r 

The tumour is encapsiiled, with a thick fibrous sheath. It is partly 
solid, fleshy in appearance and somewhat vascular, partly occupi^. 
by cysts containing clear, straw>coloured fluid. 

Microscopically, the solid parts of the tumour consist of densely 
packed masses of polygonal cells, uniform in size, shape and staining 
qualities. These cells, which sometimes show mitotic figures, resemble 
dosely the cells of the granulosa layer of the Graafian follicle. 

The cysts vary in appearance. The smaller ones are lined by a si- gle 
Jftl rer of cuboid OT flattened epithelial cells. The larger ones, on the 
^iatoer hand, show a characteristic structure somewhat resembling that 
ot a normal follicle. The lining membrane consists of several layers 
of.^anulosa cells, ||}osely packed polygonal cells with dark blue nuclei 
and scanty cytopUuHn. The cells in the outermost part of this layer 
tend., to be cuboimil in shape, and are supported on a basement mem- 
bran^ ^ cases outside the basement membrane there is a 

singlk^w i^^ehr or light-staining cells resembling the theca interna of 
thel^icle. * , 

The origin of these tumours is not clearly understood. It has been 
suppe^ed that they arise from adult granulosa cells of a mature follicle. 
That they generally occur in elderly women, and that they are some¬ 
times found in the medullary part of the ovary, where mature follicles 
do not occur, has led to the belief that they arise in embryonic rests 
present in the ovarian parenchyma. 


Arrhenoblastoma 

This rare tumour is interesting from the fact that it produces 
a hormone or group of hormones which alters the secondary sexual 
characters towards the masculine type. The tumour occurs at any 
age period between puberty and the menopause, grows rapidly and 
may attain very large size, especially if cystic. It may be simple or 
malignant. Microscopically, it consists mainly of undifferentiated 
small round or spindle cells, and may resemble a sarcoma. In some 
cases there are areas occupied by cells of epithelial appearance, arranged 
In cords or lining tubules somewhat resembling the testicular tubules. 

One of the first results of the tumour is cessation of the menstrual 
' periods. The condition may thus be mistaken for pregnancy, but may 
be distinguished by the fact that the Aschheim-Zondek test is negative. 
Later the breasts atrophy, the hair of the head falls out or its growth 
ceases, while there is an excessive development of hair on the lips 
and j^hin and on other parts of the body. The distribution of pubic 
haur assumes the masculine type, and hy|>ertrophy of the clitoris may 
develop. Operative removal of the tumbi^ leads to restoration of the 
liadD^nine db^acters. In some cases recurrence of the tumour has been 
IpAWed l;^ i^appearance of ^l^ fdasdoal s^mdrome. ' 

The^rigin the tumour, and the nature of its hdi^ones, are not 
understjfiind.' It has been suggested i^t the tumour is, derived from 



'^rSTS AND TUMOURS OF THE dVART l4 

■% 

primitive undifferentiated germ cells in the hilum of the ovary, an« 
that these cells acquire characters similar to the cells of Leydig, tlv 
interstitial cells of the testis. 


, Primary Cardnoma of the Ovary 

Primary carcinoma of the ovary is less common than secondary 
growths. It occurs in adults, frequently at a comparatively early 
per'od of life, and may affect nulliparae or multiparce. It usually arise! 
in a pre-existing simple growth, especially in a papillary cystadenoma 
but it may arise de novo, when it may be solid, or partly cystic froir 
degeneAitive changes. ' « 

In many cases both ovaries are affected, but rarely to the sam< 
degree, and it is generally believed that the smaller tumour represent! 
a secondary growth. The tumours rarely attain great sizf:, and thay 
be little larger than hen’s eggs. In rare cases they grow rapidly 
and may assume large proportions. Sometimes they are of firm or 
even hard consistency, but often they are soft and almost brain-like. 
Three types of carcinoma may be recognized, according to the micro¬ 
scopic appearances. (1) The common type occurring in a papillary 
cystadenoma has the structure of a malignant papilloma, mid is composed 
of low columnar or cubical cells arranged in irregular papillary formation. 
(2) In other cases the structure is that of an adenocarcinoma, and the 
cells, which show great diversity of form and staining reaction, are 
rranged around irregular acini. (8) Sometimes the tumour is composed 
af solid masses of cells, with no acinous arrangement—carcinoma 
'implex. 

Ovarian carcinoma very commonly disseminates through the 
peritoneal cavity, and secondary growths may be found in all parts, 
from the diaphragm to the pelvis, leading rapidly to hsemorrhagic 
ascites. In other cases it disseminates to lymph glands in the iliac 
and para-aortic group, and to the uterine tubes and areolar tissue of the 
pelvis. 


Secondary Cardnoma of the Ovary 

The ovaries show a peculiar liability to attack by malignant cells 
derived from other sources. The stomach and colon are the common 
sites of the primary growths, but secondary ovarian deposits may 
follow cancer of the uterus, gall-bladder or other abdominal organs, and 
even cancer of distant regions, such as the breast. It is generally 
acknowledged that the avenue of implantation is through the peritoneal 
cavity, and it seems that malignant cells set free in the cavity reach the 
pelvic door and the ovaries by transccelomic gravitation. 

Secondary growths often affedt both ovaries. Usually the nodules 
are of small size, and are accompani^ by metastases in other parts of 
the peritoneal cavity, but sometir^ <the ovarian di^}osits attain 
considerable siaw before other secondary growths appear. In such 
instances they may be mistaken for primary-^laimouTS of die ovary, 
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paftieularlF if tun^ur is a.gymptoraless growi^h of;the 

atdmacb OT colon. .<r[- 'tf? 

The microscopic appearance depcttda>j)c|^^ the character of the 
primary lesion, and this Is usually an adea^lcdi^noma. In some cases 
the cells undergo ** co|bid ” or mucoid change, ^ey becrnne distended 
h;^ a clear substance; lesembling mucin, which displaces the nucleus to 
‘)Q^ side and give^' * . characteristic ** signet ring ” appearance. 
/(Kl^enberg tumour.) 

’Uncommon Tumours of the Ovary 

, ;A Fibroma of the ovary is somewhat uncommon. It may arise at 
’ aisy age, and grows slowly,. forming a firm, solid tumour, which 
eventually reaches considerable size. Sometimes the growth is en- 



Fio. 805. Ovarian metastasis (Krukenbcrg tumour) from a carcinoma 
of the colon. The tumour is composed of solid masses of epithelial 
cells, which are distended to signet-ring shape by intracellular globules 
of mucin. 

(Lt^oratary if Royai CoUeg* of PhyneUina of Hdinhurgh.) 


capsuled, and may be enucleated from the ovary at operation. In other 
cases it infiltrates the ovary diffusely so that no normal ovarian tissue 
■ cam be distinguished. A Fihromyoma is occasionally found. It resembles 
the uterine tumour in appearance and behaviour, and is liable to the 
same kmds of degenerative change. Endothelioma, meUmdma, rhabdo- 
fmfimia, cfyariocardnoma and other tumours have been obs^ved, but 



'Afs!-'- 


ip the ovary is rare. It occurs most often at puberty, 
tuts Ipcm observed in childhood, and even in the foetus. It is 
blktteral. Spindle-cell and round-celi fdrlKs have been 
It ^ umally of gr^t maUgUmoy, and dissj^mna^ at an 
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CYSTS IN^HE BROAD UCAMENT 

The broad ligament oonttUns a number of rudimentary structures, 
derived from the Wolffian b'd^ and its duct- These structures are known 
collectively as the,parovariufifi, and they are incognizable in the normal 
subject when the broad ligament is held up to the light. They consist 
of a main dtict running medially in the base of the broad ligament and 
a number of short tubules communicating with it. The duct is the 
rudimentary Wolffian duct, or Gartner’s duct. Laterally it ends 
bli...dly; medially it passes down parallel to the vaginal wall and it may 
open to the exterior in the neighbourhood of the hymen. The tributary 
tubules are collected in three groups. The ductuli transversi (Kobelt’s 
tU|)ules) lie at the lateral extremity of the broad ligament close to the 
ovarian fimbria, the tubules of the epobphoron lie in relation to the 



Fig, .‘lOfl. Cyst of the broad ligament. The Fallopian tube is displaced 
l>y the cyst and is incorporated in its wall. The o%-ary lies below at 
lie left side. *' > 

{Department of Midwifery and Gynacologg, Vniveriity of Bdinhurgh.) 


hilum of the ovary, and the tubules of the paroophoron are situated 
more medially. 

A cyst may arise from any part of the parovarium. The majority 
are small pea-like structures arising in Kobelt’s tubules at the lateral 
end of the broad ligament and projecting freely into the peritoneal 
cavity. It is of little clinical importance. Less often, a parovarian 
cyst attains the size of a hen’s egg, and even greater. It is a smooth, 
translucent, unilocular structure, which can be readily separated from 
the peritoneum and enucleated. It consists of a fibrous wall lined 
by a single row of low columnar ciliated cells, and contains clear, 
watery fluid of low specific gravity. 

Occasionally a cyst in the broad ligament attains great sis% so that 
it fills the pelvis and extends upwards into the abdomen. Recent 
researches suggest that the majority of these cysts arise not at the 
parovarium but in the displaced ovarian or mesonephric tissues lying 
in the ovarian fimbria. The uterine tube and fimbria are strfeteh4^dj|git 
over the surface and the ovaiy is incorporated in the wall, so fihat It is 
only distingtiished with difficulty. Such a cyst usuail^^ resemiM®* 
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in structui^ sometimes la of dm fluid it 
o(mtc^ pseudomucin. Occasionally intracystie epithelial projections 
pccuTfc as in papillary cystadeimma. 
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Batillnria, tuberculous, 39,624 
Bantl’a disease, 599 
V. Beebterew typo of spondylitis, 301 
Benee^ones protoosmia, 172 
Beimnthraoene, carcinogenic properties 
of, 74 

Bile, concentration of, 551 
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Bile ducts, carcinoma of, 575 
cystic dilatation of, 570 
obstruction of, 677 
stones in, 564 
Bilhariiaaie of spleen, 596 
Biliary peritonitis, 541 
Biotrophio osteoma, 160 
Bladder, candnoma of, 650 
congenital obstiuction at iK.>(k of, 
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diverticulum of, 644 
exetropby of. 642 
inflammation of, 645 
leukoplakia of, 64H 
papilloma of, 640 
sarcoma of, K2 
stone in, 638 
tuberculosis cd, 625 
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Bone, endothelial sarcoma, 176 
endothelioma of, 176 
Ewing’s tumour of, 174 
fibrocystic disease of, 151 
fibrosarcoma of, 176 
fragility of, 131 
giant-cell tutrour of, 161 
grafts, 118 * 
growth of, 110 

calcium and phosphorus metabolism 
in. 111 

in rickets, 145 

Leriche and Policard’s theory of, 114 
parathormone and, 112 
phosphatase in, 112 
vitamin D and, 112 
gumma of, 127 , 

hoterotopio, 115 
hydatid cyst in, 62 
lipoid, granulomatosis of, 156 
marble, 133 

myeloma of, single, 162 
multiple, 172 
Paget’s disease of, 153 
pli^ocytoma of, l72 
resorption of, 114 
rider's, 220 
sarcoma of, 165 
in giant-cell turnouts, 165 
in Paget’s disease, 152 
ossification in, 169 
Schhller-Christian disease of, 156 
syphilis of, 126 
transplantation of, 118 
tuberculosis of, 182 
tumours of, giant-cell, 161 
malignant, 164 
metastatic, 176 
simple, 158 
xanthomatosis of, 156 
Bovine tnbcrc ukaiis, 35 
Brain, abscess of, 274 
angioma or angioblastoma of, 285 
astrocytoma of, 281 
compression of, 268 
coiK'ussluu ut, 266 
contusions and lacerations of, 267 
glioma of, 278 
gumma of, 287 

haemangioma or haemangioblastoma of, 
285 

hydatid cysts of, 62 
injuries to, 266 
medulloblastoma of, 283 
meningioma of, 276 
oxloma of, 267 
sarcoma of, 283. 287 
spongioblastoma of, 282 
tuberculoma of, 287 
tumooTO of, 275 
Branchial cyst and fistula, 410 
Branehiogenctic carcinoma, 411 
Braart, abacess in, 364 
adenocarcinoma of, 380 
adenoma of, 37i 
adenosarcoma of, 373 
adenosis of, 367 . 

angioma of, 371, 3b “ r 
Brodia’s tumour of, 3 
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Braast. carcinoma of, 375 > 4 . 

metastaaes of, in bone, 179, 384 
relation to chronic mastitis, 309 
spread of, 382 
oystadenoma of, 372 
cystic disease of, 365 
cystosarcoma of, 373 
cysts of, 370 
dermoid cyst of, 370 
duct, cancer of, 376 
duct, papilloma of, 374 
epithelial proliferation in, 367 
ep thelioma of, 385 
epitbeliosis of, 367 
fibro>adenoma of, 371 
fibroma of, 371 
hydati^ cyst of, 370 
intraduct cancer of, 376 
inr dntion changes in, 363 
lip. ■ of, 371 
male, Mrcinoma of, 381 
massive hypertrop^ of, 363 
melanoma of, 385 
myxoma of, 371 
Paget's disease of, 386 
physiological changes in, 362 
I16 c1uh’ or Schimmelbusch’s disease, 
366, 368 
sarcoma of, 38-1 
scirrhous carcinoma of, 376 
structure of, 362 
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Carcinoma, 85 
alleged increaf^^nfi 
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basal-cell, 89 
of face, 391 
braqchiogenotic, 411 ■ 

Broders’ classification of, 57 
bronchial, 349 
buccal, 395, 398 
cause of, 70 
chimney-sweeps’, 69 
chorionic, of testis, 670 . , 

of uteniB, 697 
colloid, 92 
. of breast, 380 
of gall-bladder, 570 
of rectum, 616 
of stomach, 470 
en euiraaae, 383 
experimental production of, 65 
familial incidence of, 62 
Fibiger’s, 66 
glandular, 91 

grades of malignancy of, 57 
heredity and, 62 
incidence of, 60 


teratoma of, 384 

intra-duct, of breast, 376 

traumatic fat necrosis of, 385 

irradiation, 104 

tuberculosis of, 370 

irritation as cause of, 68 

Brittle bones, 131 

Jensen’s mouse, 64 

Broad ligament, cysts of, 711 

khangri, 69 

Broders’ classification of tumours, 57 

lupus, 88 

Brodie’s abscess, 124 

of face, 391 

adenoma of, 348 

melanotic, 95 

Bronchi, carcinoma of, 349 

mucoid, 92 

foT’tign bodies in, 343 

of breast, 380 

Broit.., leotasis, 341 

of gall-bladder, 670 

Bnceal carcinoma, 305 

of rectum, 615 

Buerger’s disease, 244 

of stomach, 470 

Buns, 30 

mule-spinners’, 70 

Bona, adventitious, 225 

oat-seed, 349 

Bnrsit^ 225 

occupational, 69 
of adrenal gland, 604 

Calcanenm, osteochondritis (epiphysitis) 

of animals, 64, 66 

of, 138 

of anus, 617 
of appendix, 520 

Oaloiflcation of gall-bladder, 566 

Caloinm metabolism, in relation to 

of bile ducts, 575 

ossification, 111 

of bladder, 1^0 

in relation to osteitis fibrosa, 152 

of breast, 375 

in relation to osteomalacia, 149 

of cervix uteri, 689 

in relation to parathyroid disease, 

of oolon« 510 

431 

of epididymis, 666 

in relation to rickets, 148 

of face, 301 

phosphatase in, 112 

ofmU-btadder,667 

Caleiiloas annria, 641 

of hypophysis cerebri, 294 

pyonephrosis, 621 

of intestine (smell), 409 

Oalenlni, biliary, 562 

of kidney, 626 

pancreatic, 587 

bone metaltases in, 180 

prostatic, 660 

of larynx, 440 > 

renal, 637 

of lip, 389 

salivary, 406 

of liver, 676 ' 

nnteral, 61,8 

of lung,, 849 

nrethral, 641 

<d nioailt,.,S96,398 

orinaty, 633 

9I a)eop)M^44^ ' ' 
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KuQiaiMgn of ovsiy, 70d. i 
‘ , of potmretMi, 589 « . • j ; 

«fpofti«,87 . - ' 

of peritoneum, $43 
^ phiutyns, 

ol pitnitaiy s^lfaid, ^9i , 
of- pnwtete, ml -. ■.■‘‘Jv }-. 

bone metaatawa ia,-f5l 
of rectum, 614 • 

. of renal pelvis, ‘632 i ‘ 

V'.of saliv«»y gUmds, 408 

86 W'. ■ 

, of small intestine,; 409 
|4f spleen, S96 
pfotomaoh, 467 , 

. of 1 ih 3 nBiu 8 , 360 
of thyroid, 428 
bohO metastases In, 179 
. ’ of timgne, 306 
of ura^us, 643 
of ntenifl, 689 
92 

'parafflii, 69 

y panwitw as cause of, 72 
pemeation of, 69 
poet-oricoid, 441 
radium and, 104 
sarcoma contrasted with, 8£ 
shale-oil, 69 
simplex, 91 
spheroidal-cell, 92 
spread of, 68 
squamous-cell, 86 
of face, 391 
tar, 67, 73 

Uieorles of cause of, 70 
X-ray, 104 
OarAlospum, 445 
Omrotid body, tumoum of, 411 
Carpus, traumatic dystrophy of, 141 
CartUsgs, intervertebral, affections of, 302 
nutrition of articular, 196 
repair of articular, 196 
semilunar, cyst of, 211 
discoid, 211 
tumours of, 161 

Ctovwiioas sinus thrombosis, 274 
OeUolttis, 16 
Cemetrtoma, 408 

OarehsUo-pontins angle, tumours of, 284 
Oatelwal arteries, aneurysm of, 233 
Csrehroipinal fluid, 262 
in ^oitiomyelitiB, 808 
in s^mI tumours, 306 
, Mwoen of, 274 

k ^ 286 

_ of. 267 

,. wispaa of, 96? 

ipapsinoma of, 689 

iSt flflf 
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(8)oMuBfti844lMoesaj 572 

OMflanglftikf^, 

Cfaols^piwl, aeqtetISfl. 
ebrot^ 665 

0faolao7'i|ifls,|3sndulsds prolife rans, 666 
CholsaferOlt in bile and sail stones, 663 
in pitaiiiial effusion, 3^ 
relation to oarofau^nio agents, 74 
CtaoIsstaroMs of gall-madder, 668 
Ohondrodjrsplaaia. 131 
(ffiondrodijstrophU fcstidis, 134 
Chondroma, 160 

in relation to diaph 3 mial aobtsis. 129 
of vertebra, 304 
synov^ 204, 210 
OhosdrOHnrooma, 170 * 

Chordoma, 808 

ChodUirtadenonia destruexts, 696' 
iflioido^areittoma, 697 
Chittioaepttlielioma, 697.' 

of testis, 670 ? 

Chdroid, rralanoma of, 193 ' 
ChretnaiffB-esll ttunouxs of adrenal glan£ 
601 

ChromatophoraB, 96 
OhploiiiOrax. 332 
Cirsoid aneurysm, 237 
ColioUL adenoma of thyroid, 422 
omclnoma, 92. See aho Carcinomt 
muOoid. 
goitre, 422 

Colon, adenoma of, 600 
carcinoma of, 610 
congenital abnomatities of, 602 
congenital dilatation of {Hirschsprung 
disease), 602. 
diseases of, 602 
diverticula of, 606 
diverticulitis of, 606 
lipoma of, 609 . 

papilloma of, 509 ’ 
polyposis of, 510 
tnmrculoBfS of, 504 
tumours of, 600 

Common bile duct, cystic dilatation o 
676 

obstruction of, 677 
stone in, 664 
Concnssioit,,286 
Contraottwaef muscles, 216 
Volfcmann’s ischaemic, 218 , 

Cord, spinal, tumours of, 304' 
Connterbalaiiee, renal, 613 
Con vara, in osteitis deformans, 164 
in osteitis fibrosa, 161 
in osteo-arthritis, 204 
in osteochondritis (Perthes* 

.136 

in osteomalacia, 149 
in rickets, 146 

CtanN>Biervea, injuries to, 270 . 
OranioiAflryBgioma, 296 
Craniotales., 129 
Ibnab syndrome, 81 
Onsbinc’s syndrome, 605 
OysiHM^ traomatio, 249 
fint. biM-domed. of breast. 365 



Cyit, branchial, 410 
chocolate, of ovary, 702 
dental, 403 ^ 
dentigerous, 404 
dermoid, of brain, 286 
of breast, 370 
of mediastinum, 352 
of mesentery, 648 
of mouth, 399 , 
of oviuy, 706 

of retroperitoneal tissneG, 648 
of saoroooooygeal region, 309 
of testis, 670 
of tongue, 399 
eohinooMoal, 47 
endometsial, 702 
entefrtffienoas, 649 
follieuuiT, of ovary, 702 
gas, of intestine, 490 
gliomatbus, 282 
hydatid, 47 
of bone, 62 
of brain, 62 
of kidney, 62 
of liver, W 
of lung, 62 
luteal, of ovary, 702 
mesenteric, <>48 
mesocolic, 649 
of bile duct, 676 
of bone, 156 
hydatid, 62 
in osteitis fibrosa, 161 
of breast, 366,370 
of broad ligammit. 711 
of epididymis, 666 
of kidney, 610, 611 
of liver, 672 
of mediastinum, 362 
of menisci of knee, 211 
of mesentery, 648 
of ovary, 701 
of pancreas, 686 
of parovarium, 711 
of sacrococcygeal region, 309 
( spleen, 695 
of thymus, 369 
of tongue, 399 
of urachus, 643 
post>anal, 310 

retroperitoneal, 648 ^ 

suprasellar, 296 *' ~ 

th3rrog]oB8aI, 416 
in tongue, 400 
tracheo-bronchial, 353 
traumatio subdural, 269 
urogenital, 649 
Cystadenoma, of breast, 372 
of ovary, 703 
of pancreas, 688 
Oyitie hygroma, 266 
Oystinn^ 637 
Oyitia calculus, 636 
Oyititii, 645 

forms of. 647 
' tatobuloas, 626 

qrphilitio, 129 
tubeiemoia, 192 


Mdex m 

DecaUiV^dlim, hypenemio, llto 
Dentat^^ftOS . , 

DentUitowbyat, 404 . 

Dermafitb, ir^iation,' lOd 
Dermoid o]rst, of braiii«'S86 
of brea^ 370 
of mediastinun, 362 
of mesentery, 648 
of mouth, 3W 
of orbit, 2^ 
of oVary, 706 

of retroperitoneal tisanes, 648 
of sacrococcygeal region, 309 
of testis, 670 
of tongue. 399 

Desmoid tumour of abdominal wall, 221 
Dento^lBdot's disease, 143 
Diabetic gangrene, 242 
Dtephysiid aclasis, 129 
Silatatiofi of stomach, acute, 478 
IHSDs, hitervertebral, aifectioiu of, 302 
Dislocation of joints, habitnal or recurrent, 
213 

pathological, 212 
JMvsrtienUtia of colon, 606 
Divortioulosis of colon, 606 
Diverticulum Qrdiverticula,of appendix,528 
of bladder, 644 
of colon, 606 
of duodenum, 480 
of ileum (Meckel), 487 
of oesophagus, 444 
of pharynx, 437 
of small intestine, 487,488 
Dopa reaction, 96 
Duet carcinoma of breast, 376 
papilloma of breast, 374 
Duodenal ileus, chronic, 479 
Duodenum, diverticula of, 480 
ulcer of, 463 

Dura mater, endothelioma or meningioma 
of, 276 

sarcoma of, 283 
Dysohondroplasia, 131 
Dysphagia. spMmodic, 442 
Dystrophia adiposa genitalis, 291 
Dystrophy, metatarsal, 142 
muscular, 216 


Eoohondroma, 161 
EcohondrosM^ peri-articular, 204 
Eohinooooens disease, 47 
Eetopla vesjosB^ 642 
Egyptian n^bmomegaly, 696 
Elophantisils, 262 
neuromatosa, 321 
Embolism, air, 340 
fat, 340 ,< '' ’ 

of mesentoric yesselBi 646. > 
pulmcmaiy, 339 ( 

Embryoma, <» kidnsy- 629 ' 

Smpyeasa, acute, 
chronic, 332 


of apptetdix, 

. ofgaPUMdoivl 

SnchaadMilB. 16lt 
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EadomoMtif, acute, 679 
atrophia^ .682 
ohronio Q^rvical, 681 
chronic corporeal, 682 
gortoQoffical, 670 
Kyppi^phjc, 682 
poerperu, 670 
E^ometritit. senile, 682 
Bndometriam, menstrual changes in, 676 
sarcoma of, 692 

BadeflieUal sarcoma of bone, 174 
Badothelioms, 95 
dnrali 276 
melanci-, 102 
of Wrhe, 176 
of ovary, 709 

of spinal cuAl (meningioma), 304 
Entario pneumatosis, 499 
Bnterooyitoma, 488 
Enterogenoni cysts, 649 
Eataroteratoma, 488 
Ependyma, tumours of, 286 
Epidermoid parcinoma, of bladder, 651 
of renffi pelvis, 632 
Epididymis, cysts of, 665 
syphilis of, .668 
tuoerculosiaof, 654 
tumours of, 665 
Epignathns, 93 

Epiphysitis (osteochondritis juvenilis), 
135 

syphilitic, 128 

Bpistrophans, tuberculosis of, 189 
Bpithalioma, 86. See aim Carcinoma. 
Broders* classification of, 67 
chimney-sweeps’, 69 
chorionic, of testis, 670 
of u,torus, 697 

grades of malignancy of, 67 

lupus, 88 

mulo-spinners’, 70 

of anus, 517 

of bladder, 650 

of breast, 385 

of face, 391 

of lip, 389 

of penis, 87 

of renal pelvis, 632 

of skin, 86 

of stomai^h, 467 

of tongue, 395 

paraffin, 69 

Epodphoron, cyst of, 711 
development of, 653 
EpiiUs.401 

Eruion of cervix uteri, 681 

Bcyaipalaa. 16 

Erfthropyaaosis fiigida, 244 
EwIlV’i sarcoma, 174 
Vipmphalos, 484 
IV^htlMdaiic goitre, 424 
I ,'' bom ehanges in, 112 
> «|tbtib^h^|daEia„ 427 
KagplttlMdaipi^ jpalatttlag, 234 
Igegfeseas; Iala^ 220 
/ivory, ISE ' , i 

i29 

lixitKVl^Vlf bladder, 642 


. ' Extradnral abscess, 273 
haemorrhage, 268 
Extravasath^ biliary, 541 
Eye, melanoma of, 103 


Faee, basal-cell carcinoma of (rodent ulcer) 
301 

squamous-cell carcinoma of 
(epithelioma), 391 
Facial bones, tuberculosis of, 193 
Fallopian tubes, inflammation of, 699 
tumours of, 701 

Fat necrosis, in pancreatitis, 582 
traumatic, 385 
Fihro-adenoma of breast, 371 
Fibrooyitle disease of testis, 670 
Fibroid tumour, of ovary, 710 * 

of uterus, 683 

recurring, of abdominal wall, 221 
Fibro'lipoma, 79 
Fibroma, 75 
of abdominal wall, 221 
of breast, 371 
of kidney, 630 
of mediastinum, 353 
of muscle, 221 

of nerves (neurofibroma). 318 
of ovary, 710 

of skin (molluscum fibrosum), 321 
of small intestine, 499 
of tongue, 398 
recurring, 76 

Fibromyoma, of ovary, 710 
of uterus, 683 

I Fibrosarcoma, 83. See also Sarcoma, 
parosteal, 176 
Fibrosis, of prostate, 660 
of uterus, 683 
Fisbscale gall-bladder, 558 
Fistula, branchial, 410 
gastro-colic, 459 
gastro-jejuno colic, 466 
lateral, of neck, 410 
post-anal, 310 
saciu-ciK oygcal, 309 
th^roglossal, 416 

“Foamy cells,” in giant-oell tuinour<i, 
164 

In strawln'rrv gall-bladder, 560 
in xantliofha, 77 
Foot, marching, 143 
Foreign bodies in t)ronchi, 343 
Fractures, 116 
delayed union in, 117 
non-union in, 117 
of skull, 270 
Fragility, of bones, 131 


Oalactocele, 370 

Oall-bladder, calcification of, 566 
carcinoma of, 567 
cholesterosis of, 558 
emptpng mechainsm gf, 562 
empyema of, 555 
functions of 551 
inflammation of, 562 
lipoid polypi of, 658 
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GaU'blsdder, mucocele of, 554 
perforal^ion of. 64], 566 
Btrawbexry, 668 
tumot;^ of, 667 
volvulfts'of, 567 
GaUstonc ileus, 666 
Gsll'itonei, 562 
in bile ducts, 564 

in relation to carcinoma of the gall¬ 
bladder, 668 

in relation to hsomolytic jaundice, 597 
in relation to pregnancy, 665 
rt ’irrenoe of, 665 
Ganglion. 227 
compound palmar, 224 
Ganglioneuroma, 05, 522 
of adrenal medulla, 602, 603 
of meoiastinum, 353 
of retroperitoneal tissues, 550 
Gangrene, diabetic, 242 
gas, 20 

post-operative, of skin, 23 
senile, 241 

Gas cysts of intestine, 490 
gangr 'c, 20 

Gastric carcinoma, 467. See aim Stomach, 
ulcer, 463 

Gastro-coUc 6r»u1u. 459 
Gastro-jejnna! 4(iccv, 464 
Gastro-iejnno-coiic bstula, 466 
Gastro-jejnnostomy, complications of, 465 
Gastro-mesenteric ileus, acute, 478 
Gaucher’s disease, 78 
Genital tract, female, diseases of, 676 
male, development of, 664 
diseases of, 653 
tuberculosis of, 054 
Genu recurvatum, congenital, 216 
Giant-cell tumour, of bone, 161 
ill osteitis fibrosa, 151 
of jf V, 400 

of It ■•'tn sheaths, 224 
Glazs> T%. .362. See also Breast, 

ly 4,261 

f 3S, 254 
. '.45 

in necK, . 

Glioma, of brain, 278 
of spinal cord, 304 
Gliomatons cyst, 282 
Gliosarooma, 282 
Glomal tumour, 323 
Glomangioma, 323 
Olonitis, chronic superficial, 392 
syphilitic, 394 
Goitre, adenoid, 418 
adenomatous or nodular, 422 
colloid, 422 
exophthalmic, 424 
intrathoracic, 355 
lymphadenoid, 418 
parenchymatous, 421 
simple, 420 
toxic, 424 

Gonoooecal infection, of bursae, 226 
of Fallo"’ f hes, 699 
of joinU 

of peritf 637 

of tendc .hs, 223 


Qranidosa-oeU tumour of ovary, 707 
Graves’ disease, 424 
Gamma, of bone, 127 
of brain, 287 
of joints, 200 
of liver, 573 

of stomach. 47.> ' ‘ 

of testis, 06<1 
of tongue, 395 

Gnmmatons osteu-iwriostitis, 128 

Hemangioma or hemangioblastoma, 235 
arterial, 236 
capillary, 235 
cavernous, 236 
of brain, 285 
of breast, 371, 385 
of kidney, 631 
; of liver, 674 
pf muscle, 221 
of renal jielvis, 631 
of spinal cord, 304 
of spleen, 696 
of tongue, 398 

Hematemesis, 458 * 

Hematocele, 664 

Hematoma of rectus abdominis, 219 
Hemolytic jaundice, 596 
Hemorrhage, extradural, 2(i8 
in jaundice, 679 
in splenic anemia, 598 
into rectus abdominis, 219 
intracranial, 268 
subarachnoid, 269 
sulidurai, 26!> 

Hemorrhoids, 248 

Hand-SehttUer-Christian disease of Inmes, 
156 

Hashimoto’s disease, 418 
Heberden’s nodes, 204 
Heterotopio ossiiicatioii, 115 
Hip, osioochoiulritis juvenilis of, 135 
tuberculosis of. 189 
Hiischsprung’s disease, 502 
Hodgkin’s disease, 258 
Horsmboe kidney, 609 
Honr-glass deformity, of stomach, 461 
tumours, of mediastinum, 353 
of spine, 304 
Hydatid anaphylaxis, 50 
cyst, development of, 48 
of bones, 52 
of brain, 52 
of breast, 370 
of kidney, 52 
of liver, fiW 
of lung, 52 

Hydatidilorm mole, 695 
Hydrarthrosis or hydrops, gonococcal, 200 
syphilitic, 200 
tuberculous, 186 

Hydrooarbons, carcinogenic, 67, 73 
Hydrocele, 663 
Hydrocephsini, 264 
Hydrohepatosis, 577 
Hydronephnnis, 612 
in mobile kidneys, 616 
pyelo-venous bMkSow in, 614 
tubeiouloas, 624 
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aWrowilptmt, 700 
Hrdro-ontor, 612 

in congenital Tosicsl obstruct io;n 642 
in pregnancy, 614 
in {Hxwtatio disease, 669 
^jrgroma, cystic, 266 
PyporasAilo dec^Ocation, IS 
Hypsmeplironia. 626 
r l^ne metasta^ of, 180 * 
Bypsiparathyroidism. 4Pi3^ 
in osteitis fibrosa, 167*. 
BypopaiathyroidisiBt 432' 
Sypophyiiacorobri.'SlS *• 

., adenoma of, 2^. 

'* carcinoma of, 294 

> . suprasellar cyst of, 296 


lotmi, hscmulytio or acholuric, 696 
Dei^ regional, 497 
Uso-aased region, actinomycosis of, 46 
tnberculobis of, 604 

Denmi tuberculosis of, 496. Het also 
IntestiAo, small. 

liens, adynamic or paralytic, 490, 637 
chronic duodenal, 479 
duplex, 636 
gall-stone, 666 
Uinm, osteomyelitis of, 123 
Infantile paralysis, 307 
Infants, acute arthritis of, 122 
pseudo-paralysis of, 128 
Inflammation, 1 
Ininries, to cranial nerves, 270 
to skull and brain, 266 
to spleen, 696 

Intestine, endomotrioma of, 688 
gas cysts of, 490 
intiiHsusi'cption of, 49.3 
targe, 602. tier alstt Colon. 

congenital abnormalities of, 502 
diverticula of, 606 
Hiraehspruiig's disease of, 502 
tuboiculoHis of, 604 
tumours of, 609 
obstruction of, 489 
rotational anomalies of, 483 
small, adenoma of, 498 
argontaifine tumour, 499 
carcinoma of, 499 
diverticula of, 487, 488 
sarcoma of, 499 
tuberouiosis of, 496 
tumours of, 498 
ulcors of, 497 

Kntra-canaUenlar iibrn-adonuma of breast, 
371 

(ntraoranial oorocele, 270 


aneurysm, 233 
dermoids, 286 
bsemoiiiiage, 268 
osloopb3rte8,169 
suppoxation, 271 
twovft, 276 


imiMiyptie papilloma, 84 

idSMriati gast^jejunostomy. 467 
t)f tito toMttdix, 494 
Mttifl in imtiou to goitre, 413, 420 
ik, to eTi il wm a of, 103 


Irradiatiott carcinoma, 104 
dbdlnatitis, 104 
pathological effects of, 103 
Iseheemia, effects of, 238 
Islet cell tumour, 6^ 

Ivory exostosis, 168 


Jantadios, 676 

ac'holurio or hiemolytic, 696 
obstructive, 677 
7aw, actinomycosis of, 46 
cysts of, 402 
odontoma of, 402 
tumours of, 400 
Js]ano«ooUo fistula, 466 .. « 

Jsjnnum, ulcer of, 464 
Jointit 196 . 

acute infections of, 197 
Charcot’s disease of, 206 
dislocation of, habitual or recurrent, 213 
pathological, 212 
gonococcal infection of, 198 
loose bodies in, 208 
neuropathic disease of, 206 
pneumococcal infection of, 197 
rheumatoid disease of, 201 
syphilis of, 199 
tuberculosis of, 182 
typhoid infection of, 198 

Keloid, 76 

Kidney, abscess in, 622 
adenocarcinoma of, 626 
bone metastases in, 180 
adenoma of, 630 
adenosarcoma of, 629 
angioma of, 631 
caicidus in, 637 
carbuncle of, 622 
caseous, 624 

congenital anomalies of, 608 
cystic disease of, 610 
cyst of, 610 
development of, 608 
embryoma of, 629 “^0 

fibroma of, 6.3 , 110- 114 

fused, 609 
horseshoe, 609 
hydatid cyst of, 5'.! 
hypcrnephitjtua of, 626 
lipoma of, 630 
malformations of, 008 
mixed tumours of, 629 
mobile, in relation to hy Itohephroais, 616 
pelvic, 609 

imlyeystic disease of, 610 
pyogenic infections of, 619 
sarcoma of, 630 
supernumerary, 608 
tuberculosis of, 623 
tumours of, 626 
Kienbdek’s disease, 141 
Knee joint, congenital dislocation of, 316 
cysts ^ menisci of, 211 
discoid meniscus of, 211 
tuberculosis of, 19Q 

K6hler*a disease of tarsal navicular, 137 
Xdbler^freibeig disease, 143 
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KrnktDberg tumour of ovary, 710 . 

KflmiuU'a disc s< of vortelira>, 140 " 


Laryngocele, 430 
Larynx, carriuoma of, 440 
Laiomyoma, 80 
of oesophagus, 448 
of Btomaob, 474 , 

of uterus, 683 

Lrriohe and Policard’s theory 
ossification, 114 
Lenkoplalria, of bladder, 648 
of oQHophfamis in carcinoma, 448 
( f renal pelvis, 6 s 20 
of tongue, 392 
Ligneous thyroiditis, 410 
Lingual Ihyroid, 416 
Lip, carcinoma of, 380 
syphilitic chancre of, 300 
Lipoid granulumatohiH of bones, ino 
Lipoma, 78 
arborescens, 201,204 
diffuse, 80 
extradural, 304 
intermuscular, 221 
multiple, 70 
of breast, 3 1 > 
of colon, 50U 
of kidney, 630 
of small intestine, 400 
of tongue, 398 
retropeiitoneal, 660 
Liposareema, 70 
Liver, abscess of, 670 
actinomycosis of, 46 
cysis of, 572 
gumma of, 573 
hydatid disease of, 50 
sypuilis of, 673 
tumours of, 674 

I „ne, dystrophy of, 141 
ess of, 342 
'osis of. 45 
Paget's diw ,(^ 348 
of nipple 335 

Pain, alMlonn 349 

uastn . Vatic dis« asc of, 347 
Palate ' 


of 


hydatid c> >f, 52 
post-operaU embolism of, 337 , 
suppuration. ,341 
tubeiculoiia Of, 345 
tumours <rf, 

Lupus carcinoma 88 
of face, 301 
elephantiasis. 253 
Luteal cysts, 702 
Lymphadenitis, emute, 263 
chronic, 253 
tuberculous, 38, 264 
of mesentery, 545 
of neck, 255 
Lymphadenoma, 258 
Lymphangioma. 256 
Lymph glands, structure of, 251 
tuberculosis of. 38, 254 
of mesentery, 545 
Lymphogranuloma inguinale, 614 


Lymphoma of sninll irtostine, 499 
Lymphosarcoma, 257 
of medtsstinum. 353 
of stioriteh. 473 
of thynmt 'iffo 

of toa|db7398 

Lymph inthsels. olmtniotioii of, 26 f 
tumours of, 256 

Ualignant tumoorSr general eharm'ters of 

nt 

Malum coviP senilis, £08 
Mammary gland, diseatK^s of, 362. *S« r ah< 
itreast. 

Mandible, tumours of, 400 
Marble bones, J33 
Marching toot, 143 
Mastitis, acute, 364 
ohmnic cystic, 366 

relation to carcinuina, 369 
neonatorum, 363 
Mastitis, pulioral, 3<i3 
Maxilla, tumours of, 400 
Hasoplasia, 366 
Meckel's diverticuluin, 487 
Mediastinum, cysts of, 352 
infections of, 351 
tumours of, 353 
Medulloblastoma, 283 
Megacolon, congenital, (9)2 
Melsena, 458 

Melanin, physiology of, 95 
Melanoma, 95 
benign, 98 
malignant, 101 
iisevus-cell, 99 
ocular, 103 
of breast, 385 
of ovaiy, 710 
secondarily pigmented, 98 
Meninges, sarcuiiiatosis of, 283 
Meningioma, cranial, 276 
spinal, 304 
Meningocele, 3 fK/ 

Menisons. congenital discoid, 211 
cysts of semilunar, 211 
Menstruation, physiology of, 677 
Mesentery, cysts of, 548 
tulicrculosis of glands in, 545 
tumours of, 548 
vascular occlusion of, 646 
Mesonephros, anomalies of, 607, 653 
development of, 607, 663 
Metanephros. devtlopment of, 608 
Metaphysial aclasis, 130 
Metaphysis, relstinn to bone diseases, 108 
Metastatic tumours in bone, 176 
Metatarsalgia, 143 
Metatariiis. dystrophies of, 142 
Metntis, acute, 679 
(hronio, 683 

Microcolon, oon^nital, 602 
Mid -gut, anomalira of, 483 
Mikttlios’s disease of salivary glands, 407 
Mixed tumours, 92 
of kidneys, 626 
of salivary glands, 408 
Mole, hydatidiform, 696 
invasive, 696 
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MoIIuMM fibrosum, 321 * 

Bckrosia, 241 
■te IfOfftAi*, sjiotH, 230 
Itoa^ tumourM, 61, 66 
Il9llth,r (‘arc’inomn of, 365 
sta^bf, 369 
naoid eyat of, 396 
Hneooela, of appendix, 626 
of gall'hladder, 504 

Mttooid rari'iiioma, 92, aim Caroittonia, 
, mucoid. , 

Iliile-apiimen'^'ancor, 70 
MtUlnrian duciP, development of, 653 
■nAUooolar cyat, of jaw, 403 
of ovary, 703 
Middle oxostoseB, 130 
MuiOln, cont^aoture of, 215 
diheaaes of, 215 
dystrophies of, 215 
ossification in, 216 
rupture 216 * 
tumours in, 221 '' 

Hyaithenia gravis, thymic eiilargcinciit in, 
358 

Myelocele, 208 
Myeloid sarcoma, 161 
Myeloma (giant-cell tumour), 161 
Myeloma, multiple, 172, single, 162 
white, 163 

Myelomeningocele, 298 
Myoblastoma, 81 
Myoma, 80 

of cssophagus, 448 
of HUiull inmstiue, 468 
of stomach, 474 
of uterus, 6 H.’i 
Myosarcoma of iitcius, ((63 
Myositis ussilu-diis, 220 
Myxoma, 80 
of breast, 371 


Nsevus, 235. iS'ir almt llu'itiangioinn. 

pigmented, 66 . See aim Mela noma 
Neck, actiiiomycoais of, 45 
Neoplasms, 54. See also Tumours, 
Nephritis, suppmative, 621. 622 
Nerves, diseases of, 312 
sarcoma of, 322 
tumours of, 317 
Nesidioblastoma, 588 
Neoritis, due to pressure, 312 
brachial, 312 
sciatic, 315 
ulnar, 314 

Neuroblastoma or neurocytoma, Sl5, 323 
of adrenal medulla, 602 
of retroperitoneal tissues, 550 

Venrocytoma, 96 

Neuroftbroma, of acoustic nerve, ,304 
of sj^baal susrve roots, 304 

IhmilMNmtotU, 318 
IbMUKMauk ffts 
^ iWKHWtic, $|4> 322 

* 

gMu^nle, 322 
320 

Wtttnftar amputation, 323 
keoMM^ ar^tis, 205 4 


New growths, 54. See also under 'I'umours 
Oamnottia, etc. 

Niemana-Piidi disease, 78 
Nlppls, Paget’s disease of, 386 
Nodes, Heberden’s, 204 
periosteal, 127 
Non-rotation of mid-gut, 486 
KOBronion of frac'turcs, 117 
Notochord, tumours of, 308 
NtiMens piilposus, alfet tions of, 302 


ObsUnction, of appendix, 523 
of bile duct, 677 
of intestine, 48il 
Occupational tumours, 69 
Ocular melaaitjina, 103 
Odontocele, 404 * 

Odontome. 402-405 
(Edema of bram, 207 
solid. 2.52 

(Esophageotasia, 445 
(Esophagus, achalasia of, 445 
carcinoma of, 448 
(‘ongenital abnormalities of, 443 
dilatation of, 445 
diverticula of, 444 
(Esophagus, peptic ulcer of, 147 
simple tuinonrs of, 448 
spasm at cntranc'e of, 442 
(Estrin, phyaiology of, 678 
relation to carcinogenic agents, 74 
Ollier’s disease (dyacliondn>t>lasia), 131 
Omentum, action in peritonitis, 633 
sarcoma of, 541 
torsion of, 546 

Osgood-Schlatter ihscase of tibia, 137 
Ossification, 110, 115 
cilect of blood supply on, 115 
endochondral, lit) 
heterotopiu, 115 
111 cicatrices, 115 
111 costal cartilages, 115 
in fractures, 116 
in muscles and tendons, 219 
ill niyubitis Ksaificans, 115, :2(' 
inicnjscopic featun *8 of, 106 110. 114 
phuspliatasc in, 112 
iclatmii to vitamin D, 111 
rickety, 141 

Osteitis d( .„ .Bb oi, 626 
tibinsa , 630 
rolatn ■ 608 » 

syphilitic, 12 t. f 

tuberculous, 182 
Osteo-arthritis, 202 
Osteoblasts, function of, J U 
Osteochondritis dissecans, 209 
juvenilis, 135 
syphilitic, 128 
Osteoehondroma, 160 
Osteoclastoma, 162 
Osteoclasts, tunction of, li4 
Osteodystrophy, fibrous, 160 
poat-traumatk', 138 
Osteogenesis, microscopic fe 
114 

theories of, 114 
Osteogenuis imperfecta. 
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Osteogenic siik onin IB*! 

Osteoma, biotrophn, 1M) 
cam f lions, Ibd 
(ompait or ivoiv 1'5‘> 

Osteoma of spine 304 
traumatic, 220 
Osteomalacia, 14K 
Osteomyelitis, ai ut i 110 
chiotiu, 123 
pneumococcal 12') 
serous, 125 
s;ypliiiitic 126 128 
tiibcKulous, 182 
t>]ilioi(l ’26 

Osteoperiostitis, gunuiintous L.b 

Osteopetrosis, 1 i 1 

Osteophytes, intiacmninl, 160 

OsteopoflBly, 134 

Osteoporosis, post tiaumatu, 1 IS 

Osteosarcoma, 166 

Otosclerosis ami l>oi)o f i i,j;ili1 v H ( 

Ovaiian boinioms 677 
Ovary, airhiuoblasl )mn of, 708 
c ireincmia of 709 
t 3 stade noma of, 703 
c>stb of, 701 
dt I mind cyst of 70b 
ciicloimtiioi la of 087 702 
Ovary, c ridotlu lioma of, 710 
hbroTiia of 710 
iibioniyoma of, 710 
,> (rrinulosi ccUtuim ui of, <0/ 
Kr’ikcnbcig turnon of, 710 
niclanc nia of, 7Itl 

TiiiiltiIcKuIar (pseudomil)inoiis) ijst of, 
7(‘3 

paiillaiy (>st of 70b 
ih tlidoniyorna of, 710 
sanonia of, 710 
tc itomiof, 70b 
tumours of 701 
Ozaluria, (> 14 


Paget’s diHC ISC of bone 161 
of iiipjil), tSb 

Pam, alul) n m il in ippi ucIk liis, 62 1 
„istii I clnod ntl 451 
Palate s of, 198 

^ hydatid ev if losHof, 681 
post operati embolism e 
uppuratioa , 341 
ibeiculoais '' *4“' 
e 

isle Led 

SI nple tumou i 88 
Pancreatitis, a ute*, fiol 
Papillary cystadenoma of o ar>, 706 
c aic'inoma, 92 
oficnalpihis 612 
Papilloma, 83 
infootive, 83 
if bladder, b40 
of breast, 374 
'f colon 84 609 
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Paraffin cam c r, bO 
Paraganglioma of (mot id ImkH, 4! 

Paralysis, infant ill 107 
\ olkniann s iw hu ini ,218 ' 

Paraplegia, Tot I s I Ml 
Parathormone, 412 

m re bit ion to calcium and phusphorui 
metabolism, 112 

Parathyroid 1 lands |dtnoinauf 116 
camnoiiaof 4l6* 
i( littioii to oslittis fibrosa, 162 
Parotid kI >ii< 1 <b ease s of, 4Ub 
tuinoiiiBof 408 ' 

Paiovarinm. i ysts of 711 
I Penis, < IK inoin i of 87 
Peptic like I ioi 

of jejunum 4b5 ' 

ojK laticfl ioni|ili( alions id, tbil 
PencanahonUr fibtu adenoma of I n isl 
171 

Perinephric snrcom i 646 
Periosteal node 127 
Hnicoiiia Ibb 

Penostenm, nlatum (i lone fumilKii 
J12 

Periostitis, septic, 121 , 

sypliilifie, 129 

Perithelioma of t aiotid bod> ,411 
Peritoneum, absorption fioin, 612 
disease 8 of 612 
exudates e hiiiucteis of, 536 
psiudoni} ,e)in i, of, 614 
turnouts of 641 
waUistuds of 611 
Pentomti8,aii ic 611 
biluiy, 541 
goneifCHcal 617 
Peritonitis, jiiu urneK eic e al 617 
post ope rutivc 618 
sticptcKoec il, 6)9 
tubiiculeus 619 

Permeation of earc inoma, 69, 182 
Perthes’ disease, 116 
Phaiynz, caic me ma of, 440 
diseases of 417 
dieeitic uliiiii of, 417 
Pheochromocytoma eif adre n il f,lan i t><)l 
Phlebitis, 228 
intrairamil 271 
posf ojientivf, 229 
Phlegmasia alba cieilens, 229 
Phosphatase lud ossihe atioii 112 
in caiciiiom 1 of |ir)>stat< I8I 
Phoaphorns me t ibolism and liotiu formal ion, 
111 

Pigmentation, plivsioio/iv of 9 > 

Pick’s disc ise of the sple e n, 78 
Pdcs, 248 

Pilonidal sinus, 310 
Pineal gland tumours of 286 
Pituitary gland, odenoin i of, 293 
c arc iiioma of, 294 
disc asc>s of, 288 
Placental mole, 093 
Plasmoeytoma of bone, 172 
Plenra, calc ificaf ion in, 334 
diseases of, 125 
Plezifonn iienreiiiia, 320 
PMamatosis, cnteMio, 499 




PaMamo^balni, 270 
FiMiimoeoooal infection, of bone, 121 
of joints, 197 
of peritoneum, 637 
of pleura, 320 

Pnenm^hit^z, varieties of, 325 
Follqmycilitlt. anterior, 307 
PoImattO^B^ase of kidnegrs* 610 
510 

, ixA steii^^.474 i*-* 

‘ wxrtftl 572 . . 

’ P(nt-slii^;{!yii't8 and istula. 310 
, filMi'fltlMld carcinoDte, 441 
, osteodystrophy* 138 

raato tumoiirs of oitraitid body, 412 
Pott*t of vertebral column, 1 

paraplb^a, 188 
•. PriokloieeU tumour, 37 
i Proawhpii^ development of, 607 
Prostate,' absoess of, 665 
adenonto of, 666 
oakiuli in, 060 
‘ oarclnbms of, 661 

boneduetastoses ip^ 181 
fibrosis of, 660 
.» hj^rtropby of, 656 
" ’ tuneroulosis of, 654 
Prestetitis, acute, 655 
ohfonie interstitial, 660 
ohzonlo lobular, 666 
Pmmmoma, intreoranial, 277, 278 
spinal, 304 
PMindarthrOsiB, 117 
Pseadooyst, pancreatic, 586 
^Pseudomucinous cyst of ovary, 703 
' Pseudomyzoma peritonei, 544 
Psendoparalysis of infancy, 128 
Puerperal sepsis, 679 
'Pulmonary absoess, 342 
carcinoma, 349 
embolism, 337 

Pulmonary fat embolism, 340 
tuberculosis, 345 
Pnliating exophthalmos, 234 
Pnrpura htemorrbagica, 609 

Pyssmia, 17 

Pyssmic abscesses in liver, 571 

Pyelitis, 610 
Pyelonephritis, 621 

tuberculous, 624 

Pyelo-vOnons backflow in hydronephrosis, 
614 

Pylephlebitii^ 571 
l^orus, acid control of, 463 
congenital hypertrophic stenosis of, 476 
Wf'i' stenosis of, due to ulcer, 460 
§ Ihronephrosia. 621 
t , oaloulous, 621 
' tuberodlous, 624 
PyopneulMttorax. 331 

, PypHtteff^ 7510 

. 'i*'' 


tumours derived from* 295 
243 

.:318 



Beotnub oarcinoma of, 514 
lym|^b 03 rannloam«^, 514 
mekmoi^ of, 6l6' 
striotnre of, 513 
Rectos muscle, rapture of, 210 
hemorrhage mto, 219 
^Renal counterMlmioe, 613 
pelvis, leukoplakia of, 620 
tumours of, 830 
Retina, glioma of, 95 
• melanoma of, 103 

Retroperitoneal tiapues, cysts and tumours 
',ip, 648 

:^abdomyomB, 80 
^If, cervical, 312 
Bibb tuberculosis of, 193 
Ririrets, 143 

Riedel’s struma, 419 * 

Rodent ulcer, 89 
of face, 391 


Sacrococcygeal tumours, cysts and flstule, 
309 

Sacro-iliao joint, tuberculosis, 190 
Saoroliaation of lumbar vertebre, 316 
Saliyaty glands, calculi in, 406 
bhronio enlargement of, 407 
,diseases of. 406 
pyogenic infections of, 406 
tumours of, 408 
Salpini^itib 699 
isthmioa nodosa, 699 
tuberculous, 700 
SarOOidosis (of Boeck), 260 
Sarcoma, 81 

botryoides of uterus, 693 

cansinoma and, contrasted, 85 

chicken, 65 

endosteal, 166 

endothelial, of bone, 174 

Ewing’s, 174 

grapedike, of uterus, 693 

melanotic, 95. See also Melanoma. 

myeloid, 162 

of bladder, 659 

of bone, 165 

in giant-cell turn >nrs, ~ 
in osteitis deformans 
in osteit'« fibrosa. 1 

of bra^j \_„,/i,ftor, 626 

ofbrfc V., 630 
of kidi V - ,.r rtcut 
of maxilla, 

of nerves, 322 • 

of omentum, 644 « 

of ovary 10 M 
of smal' • testine, 
of spleen, 696 
of sWiach, 473 
of testis, 674 
of tongue, 398 
of uterus, 692 
ossifying, 167 
osteogenic, 163 

parosteal, 176 .tires of, f09, 

periosteal, 166 
retroperitoneal, 649 
spindle-cell, ^ 
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Seapala, congenital high, 215 
Sean, ondomotrioma of, 688 
hetorotopio bone in, 115 
keloid of, 76 

Schonermann'Calvi disease of vortebrse, 138 
Sohiatoioiaiasis, and papilloma, 84 
of spleen, 696 
Schlatter’s disease, 137 
SohttUer-OhristUa dispase of bon<‘S, 156 
Sciatica. 315 

Scicrss. blue, and brittle boiicb, 132 ^ 

Sclerosis, arterial, 241 , 

Scrotum, cancer of, 69 
Seminal vesicle, tutx'rciilosis of, 655 , 

Semino*careinoma of testis, 673 • •’* 

Senile gangrene, 241 
Septioiemia, 17 

Sever’s dtst'ase of oaloancum, 138 
Shale*oil cancer, 69 
Shock, Buigical, 28 

Shoulder, recurrent dislocation of, 213 
tuberculosis of, 192 
Sialo'dochitis, 406 

Simmond’s disease, 290 ^ 

Sinus pilonidal, 310 
thrombosis, 273 

Skin, ]>ost-opcrative gangrene of, ^ 

Skull, injuries ’o, 266, 270 
tuliereulosis of, 193 
Spermatocytoma of testis, 674 
Spina bihda, 298 
^ontoBH, 192 
Spina! cord, tumours of, 303 
Spme, aftoctionb of intervertebral discs of, 
302 

arthiitis of, 301 
» osteomyelitis of, 123 

post-ttaumatii‘ rlystrophy (Ktimmoll’s 
disease*) of, 140 
tulK'rculosis of, 186 
tumours of, 303 
Spleen, cysts of. 595 
diseases of, 592 
(Jauclier’s disease of, 78 
injuries to 59,» 
mobility rf, h W 
Nicraann-l'ick disfast of, 78 
luinouibof o 
Splenic anee / 

Splenomegal < * lan, ,‘>96 

Spondylitis dc 
poht-trau 
Spongioblastoma,^ 

Status thymo-lympi, la 

Sterno-mastoU tnmo r, 2 * 7 
Stomach, acute dtflKt tion of, 478 
carcinoma of, 467* 
hour-glass dofonmty of, 4t$! 
leather-bottle carcinoma of, 4 70 
lymphadenoma of, 474 
myoma of, 474 

operative complications allvctin|^ ,^^6 

polyx>osis of, 474 

sarcoma of, 473 

syphilis of, 475 

of gaii-oiiio'i of, 475 

of renal j: '. 

,462 

./Ulus of, 41 1 


stone, biliary, 562 
pancreatje, 587 
proirtatie, 660 
renal, 637 
salivary, 406 
ureten^l, 6,38 
urethral,'640 
urinary, 633 
\agiifal, 640 
\esieah 6.18 

Strangulation of int.estinc, 481 
Strawberry gall-bladdor, 558 ‘ 
Stricture, urof/eral, 619 
of rectum, 513 
Struma, Uicdel's, 419 
Subaraohnoid haunurrhogo, 269 *, .' 
Subdural b<vmorrhage, 269 
Subuuudllary gland, dibc'oscs of, 4t)0 
Subpbrenic abscess, 641 
Suprarenal glands, diseases of, 60l 
Suprasellar cystic tumour, 295 
SympathicobUutoma, 323 
of adrenal medulla, 602 
Syneytioma, 698 ' 

Syphilis, of bone, 126 
of brain, 287 
of joints, 200 
of lip. 3{t0 
of liver, 673 
of stomac*}), 475 
of testis, 666 
of thyroid gland, 418 
of tongue, 391 
Syphilitic arthritis, 199 
dactylitis, 129 
epiphysitis, 128 
osteitis, 128 
oateo-ohundritis, 128 
Syringocele, 301 

Syringomyelia, arthn>pathy in, 206 
Syringomyelocele, 301 


Tabes, arthropathy in, 206 
Talipes in infantile paralysis, 308 
Tareancer, 66 

Teeth, tumours and cysts of, 402 
Tendon sheaths, diseases of, 222 
tumours of, 221 
Tenosynovitis, 223 
Teratoma, 93 
of breast, 384 
of mediastinum, 352 
of ovary, 706 

Teratoma of pineal gland, 286 
of testis, 668 
retroperitoneal, 650 
sscro-cocoygeai, 310 
Testis, chorionic carcinoma of, 670 
dermoid of, 670 
fibrocystic disease of, 670 
interstitiai-eeU tumour of, 674 
Stin'orna of, 674 

seminoma or spenpiatoeytomA 6f, 6’ 
syphilis of, 666 
teratoid tumours of, 668 
torsion of, 662 
tuberculous of, 665 
tumours of, 667 
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Tetaana, 

Tttaals parafliyrcopnva, 433 

Tetaay, iu vomiting and gastric diseas 

461 

post'Oporativc, 433 
•Spontaneous, 433 
TOorax, diseasps of, 326 
ThreM-worm appondiuitis, 624 
ni^nibo>angeitis obl^exaps, 244 •** 
Tlwrambopenia, essonilal, 600 
!9fcromb&>phMbltis, 228 
of intracranial sinuses, 278 
Thrombosis, in moson.t.uriti vessels, 64 
in splenio anwmia, 608 
pnst>oix>ratlvp, 229 
Thymoma, malignant, 360 
Thymns, carcinoma of, 360 
cysts of, 360 
disoast's of, 367 

* IThyroglossal cysts and fistulgi, 416 
cysts in tongue, 400 
‘ Thyroid, aberrant, 416 

gland, adenoma of, 422, 427, 428 * 

, careinoma of, 428 

bone metastasos in, 170 
diseases of, 414 
intrathomeio, 356 
lingual, 410 
tumuui^ of, 427 
ThsrroiditiSt'bente, 417 
ligneous or woody, 410 
syphilitic, 4J8 
tuber* iiloiis, 418 
Thjrroxin, 411 

Tibia, apophysitis (Osgood-Selilatter 
diiK'ase) of, 137 
eimgenital niigiilntion of, 210 
Tongue, aefinoriiy<‘«>Ris of, 45 
<-arf‘inoma of, 305 
oysta of, 390 
gumma of, 305 
haimangioina of. 308 
leukoplakia of, 302 
lymphosarefiniu of, 308 
papilloma of, 398 
sareonia of, 308 
syphilis f»/, 304 
thyiogJosbiil cyst of, 400 
tumours of, 392 
Torticollis, congenital, 217 
Traumatic asphyxia or cyanosis, 240 
carpal dystrophy, 141 
fat necrosis, 385 
, spondylitis, 140 
'TlrMdMO>bronohial cyst. 363 
Tropical absc^css in liver, 570 
Tabwonlosis, 33 
bovine, 36 
hypertzophlo, 42 
of ilecMueoal region, 504 
miligCf, 89, 41 

1 192 

lder?^26 
les, 132 
in, 237 
St, 370 
,'hfltrsts, 226 
iV>loit. 304 



f^Thberonlosis of epidnlymis, 

** epistropheus, 180 
( facial TOnes, 193 

genital tract (male), 664 
, of nip joint, 18J» 

of ileo-osecal region, 604 
oi ileum, 49G 
• ^joints, 182 
o kidney, 623 
of knee joint, 190 
of lung, 345 

r lymph glands, 38, 254 
cervical, 255 
mesenteric, 546 
of peritoneum, 530 
> of prostate, <>51 
of ribs, 10‘t 

' of sopro-iline joint, UK) 
of seminal vesi«4e, 055 
of shoukler, 102 
of skin, 38 
of skull, 193 

, of small intestine, 496 
ta stomach, 475 
wtendnn sheatbs, 224 
of testis. 664 
of thyroid glaiul, 418 
of nmary tract, 622 
of uterine tubes, 701 
of vertebrsB, 180 
of wrist, 192 
pulmona^, 346 
sources of infection in, 35 
TuberculOttS bacillurio, 39, 024 
dactylitis, 192 
peritonitis, 530 
pyelonephritis, 024 
pyonephrosis, 624 
salpingitis, 700 

Tubes, Kalkipian, diseases of, 00! 
Tubo-ovarian abscess, 7(K) 
Tumour or Tumours, 64 
ag(' jneidcnce of, 00 
Broders’ classihealion of, 57 
Brodie’s, ol breast, 3t»0 
chicken. O'* 
chimney-sweeps’, 6!) 

('lasHihi ntioii of, 7 t 
dt'stnoid, 221 
Kw’ing' 74 

exi)eTi tT 
farm I V 
Kibigv * 
giaiit-eell, oi 
of t«‘nilou hi 
glades of iiiu' 
incident 
inters 
intra* 

II null 105 

irritai, i and, 68 
.leiisim’a mouse, 64 
malignant, eluu’act 
melanotic, 96 
mesenteric, 548 
metastatic, in borii 
mixed, 92 
n jle-spiii rb’, 70 
occupational, W 



Tomonr or l^monn, o{ hoounUc norvo 
of adrenal gland, (K>1 
of animals, tt4, 6K 
of anus, 517 
of appendix, 52t> 
of bladder, 648 
of blood veHHclK, 2.'t5 
oi bone, 158 
of brain, 27-) , 

of bn'ast, 371 
of caitilage, 101 
of «*f*relK*llo-pontiiu- inigli*, 284 
of ('horion, 603 
of <-olon, 500 
of ejieaflynia, 287 
of epididymis, 665 
of gnll-blmldiT, 567 
uf'hv iic!^ihy«i« cercbij, 203 
of infeHtine, 498 
of jawtj, 40() 
of kidney. 826 
of livei, v574 
of lymp I vesselK, 258 
of Imif;, 317 
of inedu- (iiiuin, 353 
of inose- y, 518 
of niiiH>-l<', .,21 
of uer\. .-I, 01 
jieriplieral, 217 
of notchord, 308 
of OBsopIia^im, 448 
VdfcOvary, 701 
of puiiiU, 398 
of jiunf j'eas, 588 
f jMu.ithyjoid glands, 435 

_ja'iitonoiiin, 513 

of pineal gland, 28(> 
of pituitary gland, 293 
)f prostate, 881 
li reetuni, 514 
)f ivnal pelvis, 830 
(f baenieoeeygeal n>gion, 309 
!if salivary glands, 408 
>f Miiall intest ine, 49b 
if spinu and bpiiial eord, .304 
if spleen. 598 
if <-«*eth, 402 
of lendon sheaths, 224 
if t'*‘ i '■ 57 
Sple 

SpondyUtis d. 

post-trai> 

Spongioblastoma,'. 

Ststna thymo-lynifa. 

•V 


ra<-ial iuuidenee of, (>1 
retroperitoneal, 648 
- 'o-oil, 69 
f'ad of, 68 
wrnf'"iiaa+oid, 317 
tar f 
tb 
t 

Typoo, 

osteomyelitis. 
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Dicer, anastomotie. 181 
gastro jejunal or jejunal, 484 
of duodenum, 453 
of oesophagus, 447 
of small intestine, 497 
of stomach, 453 
peptic, 453 
rodent, 89 
of f«6ei, .391 ‘ 

stercoral, 511 
* varicose, 248 
Icer-cancer of stoniaeli, 482 
irmbilioos, endometrioma of. <188 
jftaehiu. aftbetions of, 813 
DMter, anomatii s of, 808 
dilatation of. 812 
double, 808 
tt “ golf hole,” 825 
stone in, 838 
etrieturo of, 618 
tumours of, 833 
Ureterocele. 610 

Urethra, congenital stenosis of, 812 
stone in, 840 
valves in prostatle, 843 
Dterine tubes, diseases of. 899 
Uterus, adenomyoma of, 887 
carcinoma of, 689 
ondomotiionia of. 687 « 

iibromyoma or tibruid of, 883 
tibrosis of, 883 

inflammation of, 879. ,SVr fth( 
blndomotrhis. 

Uterus, myoma of, 883 
myosun'uiiia of, 892 
sarcoma of, 692 
Uveo-parotitis, 408 


Vagina, Ht> ne in, 810 
Vascnlar ol >, it ions, J3S 

Varicocele, 

Varix, aneurvsiiia], 231 
Veins, varicose, 248 
Verruca neurogeniea, 38 
Vertebrae, abnormalities of iiinlio-saeral. 
318 

arthritis of, .301 
epiphysitis of, 138 
osteomyelitis .)f, 123 
jiost-trauinatie dystrophy <if 
(Kummell’s disease), 140 
tuberculosis of, 186 
tumours of, 303 

Vertebral column, iiflectfoiih of discs of, 302 
Vitamin D and ussitieation, 111 
Vitelline duet, anomalies of, 487 
Vitiligo, 97 

Volkmann’s isobeemic contracture, 2lS 
Volvolns neonatorum, 488 
of gi>i I-bladder, 567 
of stomach, 477 


Wolffian body and duet, development of, 
607 

Woody thyroiditis, 419 
Wonnd infections, 11 * 

anaerobic, 18 












